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The polysaccharides are an important group of
naturally occurring polymers. Organic chemical
investigations have shown them to be macromolecules
whose structures may vary from simple polymers (e.g.
cellulose and the hemicelluloses) to exceedingly complex
co-polymers (e.g. the mucopolysaccharides).
Organic chemical investigations usually include an
estimation of the number of non-reducing end groups in
the molecule. This "end group assay" enables the rati<j>
of the total units in the molecule to the non-reducing
end groups to be determined. For a linear polysaccharide
molecule this ratio is the average degree of polymerisa^
tion. If, however, the molecule is branched, the end
group assay only gives the average number of units per
unit chain in the molecule, and not the relationship
between this value and the molecular size. Moreover,
the technique involved in end group assay becomes
I
increasingly difficult as the average chain length of
the molecule increases, and the result may be of limiteijl
accuracy, when the average chain length is greater than
about 100 units.
In order to characterise completely a polysaccharide
molecule the results of the chemical end group assay
must be considered along with a physico-chemical
measurement oi the molecular size. A routine method
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jof determining molecular weight is essential therefore
for the elucidation of the molecular structure.
A considerable portion of the work to be described
was devoted to the development of suitable physical
methods. These methods were then applied to problems
including the determination of the molecular size of
the hemicelluloses, and the components of starch; both
of which groups of polysaccharides have been studied
extensively in this department.
PART I.
EXPERIMENTAL METHODS OF DETERMINING
MOLECULAR CONFIGURATION
INTRODUCTION.
Because a polysaccharide consists of molecules of
»
different sizes, a molecular weight determination
results in an average value. The type of average
obtained depends on the method used."*"
If the method used depends on a colligative
property (e.g. osmotic pressure or vapour pressure)
then the result is a "number-average" molecular weight
(Mn), defined as:
Mn
Where nj_ is the number of gram moles of molecular
weight m^, and the summation is taken over all values
of i.
methods which depend not only on the concentration
but also on the weight of the particle (e.g. light
scattering and sedimentation), give a "weight average"




The molecular weight, as determined by the chemica
end group assay, is a number-average value. For an
accurate comparison, therefore, of such results with
those from physico-chemical measurements, the latter
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methods must also give a number average molecular weigit.
Osmometry, isothermal distillation, and ebulliometry
are all methods which give a number average value, and
hence are suitable. These methods were, therefore,
developed in this work.
However, each of these methods has a limited range
of applicability: isothermal distillation and
ebulliometry can only measure the molecular weight of
polysaccharides in the range 1,000 to 20,000. Results
from one method could, however, be used to confirm
these from the other. Osmometry can be used for
molecules in the molecular weight range 20,000-1,000,030.
By suitable selection of the method, the number average





Many polysaccharides (for example hemicelluloses,
fructosans, and glucosans) have a number average molecular
weight in the range of 1,000 to 20,000. Isothermal
distillation is one method which can be used to determihe
the molecular weight of polymers of this size.
The method depends on the activity of a solution
being less than that of the pure solvent. If a solution
is ideal and dilute this difference in activity equals
the solute mole fraction, and also equals the difference
in vapour pressure between solution and solvent. A
solution, in which the solute is associated or dissociated,
no longer obeys Raoult's Law, and the activity of such
a solution is not ideal, It was assumed here that the
solutions studied all obeyed Raoult's Law:
W2
Po - P _ n _ M2
Po n + N Wi W2
Ml M2
Where Po and P are the vapour pressures of the
n
solvent and solution, n+jj is the solute mole fraction
^2 and are the weights of solute and solvent, and
M2 and M]_ are the molecular weights of solute and solveht.
Now a solution of a polysaccharide with a molecular
weight between 1,000 and 20,000 has a detectable vapour
pressure lowering, and Puddington^ has, in fact,
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described an apparatus in which a sensitive mercury
manometer measures directly the vapour pressure of solvent
and polymer solution. Such an apparatus was constructed
in this Department,-^ but it was found to be impossible
to achieve satisfactory working, and the method was
discarded.
When a solvent and solution are in a closed system,
at constant temperature, with only their vapour phases
connected, isothermal distillation takes place. In sue
a system solvent vapour distils from the solvent into
the solution. Both the total amount of solvent distill¬
ing, and the rate of distillation are proportional to
the vapour pressure lowering of the solution.
Barger^in 1903 was the first to observe isothermal
distillation of water vapour into drops of aqueous salt
solutions hung on microscope cover slips. From this
observation Barger developed the "micro" method of
isothermal distillation. In this, alternate drops of
solutions of known and unknown molarity were drawn into
a capillary tube. The drops were observed with a
microscope, and adjacent drops which did not change size
had the 3ame molarity. Knowing the molarity and weight
concentration of a solution, the molecular weight of the
solute could be calculated. The micro method has been
developed by Niederl^ and has been used by Caesar to
determine the molecular weights of polysaccharide
nitrates, but with the exception of Caesar (whose work
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has not been substantiated), these techniques are
applicable only to solutes with low molecular weights.
A "macro" method of isothermal distillation, in
which solutions of known and unknown molarity were
placed in an evacuated dessicator and the vapour allowed
to distil until equilibrium was achieved, was used by
7
Bousfield in 1918. In order to calculate the vapour
pressure lowering of the solution, the amount of vapour
transferred was determined gravimetrically. This metho
has been reported as applicable for solutions of poly¬
mers with molecular weights of 20,000?
Schwarz^ and Signer^have also described a macro
method measuring the equilibrium of isothermal distilla¬
tion. Their apparatus has been adapted by a number of
11 12 1^ 14
workers including Gee, Clark, White, Childs and
Parette.1^
Gee-,1"*" in 1940, introduced a dynamic method of
observing isothermal distillation. Instead of measuring
the total amount of vapour transferred between solutions
of different vapour pressure, he measured the rate of
distillation of vapour from pure solvent into the
solution of unknown molarity. This rate is proportions!
to the vapour pressure lowering of the solution, and the
molarity of the solution can be calculated. Gee's
dynamic method allowed measurements to be made much mors
rapidly; and it was this method which was adopted here,











Calibration of Apparatus A
Triolein in Benzene (N-10 430x1o'\
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weight range of 1,000 to 20,000.
Apparatus.
The apparatus consisted of two 3-4 cm. diameter,
glass bulbs, joined by a short "U" tube 2-5 cm. in
diameter. Perpendicular to the plane of the glass
bulbs and "UM tube were attached two measuring tubes
(Veridia precision bored tubing) to which were sealed
glass bulbs 2 cm. in diameter. There was a reference
mark on each tube, just above the bulb. A filling tube
■
was attached, perpendicular to the "Uw tube, on the side
opposite the measuring tubes. The apparatus was held,
on an adjustable stand, in the thermostat bath. The
apparatus is shown in Fig. 1.
In apparatus A the diameter of the measuring
capillaries was 4 mm.; in apparatus B it was 3 mm., in
order to give a more sensitive apparatus.
An attempt was made to modify apparatus A to avoid
sealing off the apparatus under vacuum, and to eliminate:
the consequent, frequent replacement of the filling tube:
A 2 mm. bore vacuum tap was sealed to a B10 cone,
fitting the corresponding socket sealed to the filling
tube. Under vacuum, and in the absence of solvent,
the apparatus was leak-tight. When benzene was present
however, water leaked in from the thermostat bath, and
the axjparatus had to be discarded.
Procedure.
Suitable volumes (ca. 3*5 ml.) of solution and
solvent were introduced into the measuring tubes, with
the apparatus in position (b), through a length of
polythene tubing pushed down the capillary tube and into
the mouth of the measuring capillary.
The solution and solvent were degassed in the
apparatus, by freezing in liquid air, evacuating, and
then warming up in vacuo. The procedure was repeated
twice, and, after freezing and evacuating again, the
filling tube was sealed off. The apparatus was placed
on the adjustable stand in position (a) and transferred
to the thermostat bath.
The temperature control of the thermostat bath was
very important. If the two bulbs, filled with benzene
at 25 c, had a small temperature differential (At'c),
then the vapour pressure difference (^/p), derived from
AP
the P against T graph for benzene, is -p- = 0*046 AT.
AP
The experiment requires due to temperature differer.ces,
I / A
to be 10 , hence AT must be less than 0*0022 G. The
thermostat was in fact accurate to 0*001°C.
After two hours, when the apparatus had attained
temperature equilibrium, it was returned to position (b]
and the solvent and solution were allowed to drain into
their measuring capillaries. Since errors due to
incomplete drainage are very large, a standard
procedure of allowing half-an-hour•s drainage before
-10 -
measuring the levels in the capillaries was adopted.
After half-an-hour, any movement of the liquid levels
could be attributed to distillation not drainage. The
readings, after two hours equilibration und half-an-
hour's drainage, were taken as the initial condition
for the determination.
The rate of fall of level in the solvent capillary
and the rate of increase of level in the solution
capillary were determined by measuring the heights of
liquid above the reference marks on the respective
capillaries, with a cathetometer reading to 0*001 cm.
The time between readings was chosen such that this
change in level was about 0*5 mm.
The graph of change in level with time was found
to be a straight line (see Fig. 1). The slope of the
graph is the rate of distillation, which is proportional
to the solute mole fraction. Since the graph is a
straight line, the initial distillation takes place at
a constant rate.
Po-P
Hence Rate x K = pQ , where K is an apparatus
constant.
W2
Rate x K =
Wi V»2
Ml +
This relationship, in agreement with Gee, has been
found to hold, down to solute mole fractions of 1 x 10
The value of K can be determined by measuring the rate





Apparatus A was calibrated using benzene as the
solvent, triolein (mol. wt. 885-4), raffinose undeca-
acetate (mol. wt. 966), and cellotriose undeca-acetate
(mol. wt. 966) were used as the standard solutes.
K was determined at several solute mole fractions with
each solute, and the values of K were calculated for
both the change in solvent level and the change in
solution level.
As a preliminary experiment, solvent was placed in
both sides of the apparatus. With benzene, no movemen
of the levels was detectable, with chloroform, however,
large changes were observed. On this score, chlorofor|m
was rejected as a solvent, except for the measurement
less
of the molecular weight of polymers/than 2,000. When
carbon tetrachloride was tested, in a like manner, no
movement of the levels could be detected. The anomalcjus
distillation of the chloroform was attributed to photo¬
chemical decomposition of the chloroform.
Apparatus B was therefore calibrated with carbon
tetrachloride as a solvent, and triolein as the standard
solute. Since cellotriose undeca—acetate and raffinose
undeca-acetate are insoluble in carbon tetrachloride,
and since no other substance of high purity and with a
known molecular weight about 1,000, was available, the
value of K for triolein in carbon tetrachloride in




Calibration of Apparatus A.















undeca-acetate I3420 2-5 2-3
9-343 2-8 2-9
Benzene Cellotriose
undeca-acetate 10-470 2-2 2-4
9-343 2-5 2-5
4-880 2-4 2-0
Average Value of K 2-5 2-5
Calibration of Apparatus B.
Chloroform Triolein 15-430 1-3 1-3
8* 064 0-8 0-8
5-410 1-1 1-1
3-704 0- 8 0-9
3-674 0-7 0-8












Average Value of K 1-2 1-2
x 10-3
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Estimation of the Reliability of the Method.
Two experiments were carried oat to check the
reliability of results obtained from isothermal
distillation.
The first was to determine the molecular weight of
a solute at different concentrations. This was done
in two cases, a) with a methylated xylan from wheat
straw, and b) with a petrol ether precipitated fraction
of methylated laminarin; both polysaccharides dissolve^
in benzene.
The results are shown in Table 2 below.
Table 2
a) Methylated Xylan from wheat straw:
Concentration Time Change in Change in




0 0 0-00 0-00
4 30 0-15 0-27
23 50 1-23 1-11
31 10 1' 43 1-54
47 25 2-30 2-33
53 0 2-55 2 * 49
72 5 3-52 3*64
77 0 3-73 3-66
11,800
0 0 0-00 0-00
23 50 0-52 0-42
48 0 1-05 0-94
72 5 1-47 1-45
120 0 2-61 2-42
144 0 3-03 3-06
169 0 3-68 3-67




b) Petrol-ether precipitated, methylated Laminarin;
Concentration Time Change in Change
(g./lOO ml.) (hrs.) (mins.) solution level solvent
(mm.) (mm.)
0 • 6 0 0 0-00 0-00
16 5 0-17 0-56
46 50 0-99 1-61
65 5 1-53 2 • 11
112 5 2-83 3-38
137 35 3-46 4-14
Mn = 11 ,900
0-4 0 0 0-00 0-00
18 0 0-39 0-14
41 30 0-58 0-41
66 40 1-09 0' 42
89 15 1-18 0-91
114 20 1-60 1-12
163 45 2-09 1-75
186 0 2-38 1-97
Mn = 12 ,100
Within the experimental error the values of the
molecular weights were independent of the concentration
The results also showed the reproduceability which can
be expected in a molecular weight determination by
isothermal distillation.
The second experiment was to determine the molecular
weight of a solute in two different solvents. The
molecular weight of methylated lichenin was determined




Solvent Concentration Time Change in Change in






4 0 0 0-00 0-00
18 15 1-69 2* 17
19 35 1-78 1-97
21 50 1-75 2-16
39 35 3-27 3-50
Mn = 5,000.
1-1 0 0 0-00 0-00
7 0 1-52 1-30
16 15 3-18 2-67
20 0 3-80 3-12
22 0 4-04 3-60
23 30 4-23 3-82
Mn = 5,500
From these results it was assumed that the value
of the molecular weight, as determined by isothermal




The basic equation, derived thermodynamically, for
the osmotic pressure (IT) of a solution is
TFV0 = RT loge ^
where V0 is the partial molar volume of the solvent in
the solution, and p and p0 are the vapour pressures of
the solution and the pure solvent respectively. This
equation is valid over the whole concentration range and





for an ideal dilute solution containing c g. of solute,
of molecular weight M, per litre.
If Van't Hoff's law holds then ^ should be
independent of c. However, it was found experimentally
that deviations occurred lor polymer solutions, and the
empirical expression
was used to calculate molecular weights from osmotic
data. This equation had no theoretical significance
until the development of the statistical theory of
polymer solutions.
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Theory of the Osmotic Pressure of Polymer Solutions.
This theory explains the deviations from Van't
Boff's law of the osmotic pressures of polymer solutions
for an ideal solution
TTV0 = RT logg £ =-A&o■Po
Tv0 = tAs0 - Ah0
where AG0, AHq> As0 are the change in Gibb's free
energy, the heat of dilution, and the entropy of dilutioii,
respectively, occurring when an infinite volume of
3olution is diluted with 1 g. mole of solvent. The
ierivation of Van't Hoff's law assumed (1) that the
sntropy of dilution was ideal (i.e. A S0 = -R loge No,
where No = the mole fraction of solvent), and (2) that
the heat of dilution was zero. However, for polymer
solutions neither of these assumptions is likely to be
valid.
The calculation of the entropy of dilution (A So)
das been attempted in various ways. Flory and Huggins
aave calculated the number of ways of arranging long
flexible molecules on an array of lattice points using
the Boltzmann equation. Each lattice point is occupied
by either a solvent molecule, or a polymer segment, and
the polymer segments are always adjacent. These cal¬
culations, and more recent ones by Flory, have been
summarized recently (see "Principles of Polymer Chemistri?"
- 18 -
£>y P. J. Flory, Cornell University Press, N.Y., 1953,
page 495). All three theoretical expressions simplify
at low concentrations to
IT RT -q
c " M + Bc
where B is a constant. In the limiting case this
expression reduces to Van't Hoff's law.
If the heat of dilution (A Ho) is not zero, it is
assumed that the simple relationship for two liquids
will hold, viz.
AH0 = Kv2 + K'v^
where V is the volume fraction of solute. For low
concentrations v is proportional to c, the concentration
Then
e = M + (b-K)c - K'c2
and this again reduces to Van't Hoff's law at infinite
iilution.
The calculation of molecular weights from Van't Hoff
law at infinite dilution is, therefore, justified by the
present state of the theory of polymer solutions, which
also suggests a linear relationship between and c
at low concentrations.
Calculation of the Constants in the Van't Hoff Equation.





where vy is expressed in grams/litre.
This can he written as
M = (X)
\\
where c is in grams/litre.
When R is expressed in c.g.s. units (i.e. is
8*315 x 10 'ergs/degree/mole), then 7T must he in dynes/cm. 2,
c in gms./cm^ and T in °k.
If the osmotic pressure has been observed in cms.
of solvent (h ) then
If = h Dog
Where Do is the density of the solvent at T A, and
2
g is the gravitational constant (981 dynes/cm. ).
If the concentration (Co) is determined in gms./lOO
cm.^ then




or* M = Go RT
TT ToUDog
By substituting the density of the solvent, the
Co
lveru ^
molecular weight can be calculated.
appropriate numerical factor to con rt (^) "to "the
in the table, this factor has been evaluated for






















Measurement of Osmotic Pressure.
Osmometers have been developed for both aqueous
and organic solvents. Many instruments of both ty^es
The measurement of the low osmotic pressures
developed by polymer solutions presents many experimental
difficulties. A fundamental one is the preparation of
a suitable semi-permeable membrane. The limits of the
Osmotic method are fixed by (1) the semi-permeability of
the membrane for low molecular weights, and (2) the
sensitivity of the pressure measurement for high mole¬
cular weights.
Several techniques can be used to measure the
pressure. These are:
i) the dynamic method, in which the initial pressure
head in the osmometer is adjusted to a value which is as
plose to the anticipated final pressure as possible.




change in pressure is accurately measured as a function
3f time. The value of the asymptote to this curve is
identical with the equilibrium osmotic pressure.
The procedure is repeated, starting with an initial
pressure head which is approximately equidistant, but
opposite to, the asymptote relative to the first curve.
One half of the sums of the ordinates of the two
rurves for various values of elapsed time are then
computed and plotted, yielding a curve which will con¬
verge, more or less rapidly depending on the symmetry
of the two experimental curves, to a value which is not
significantly different from their mutual asymptote, and
which is the equilibrium osmotic pressure.
This method has the advantage of giving results
quickly, but has the drawbacks (a) of inaccuracy, due
to difficulty in matching the two curves which may not
have identical shapes, and (b) of giving no indication of
solute permeation.
ii) the static method, in which the development of the;
osmotic pressure is observed, as a function of time,
until equilibrium (see page 31). This method is slower
•;han i), but generally more accurate, and more important
:.t shows whether solute permeation is occurring and
enables some correction to be made for this.
iii) another dynamic method, in which an external
pressure is applied to the solution, and the rate of
- 22 -
movement of the solvent level is plotted against the
applied pressure. This graph cuts the applied pressure
axis at the osmotic pressure.
The Osmometry of Polysaccharide Solutions.
The application of osmometry to solutions of high
molecular weight polysaccharides has been adequately
reviewed recently.
a) For starch by Kerr.^
ifi
b) For cellulose by Ott and Spurlin.
c) For the other polysaccharides by Greenwood
In all instances, instruments capable of measuring
small pressures with high precision were required.
The osmometers used in these investigations were
a Fuoss-Mead type, two modified Zimm-Myerson instruments
and a Gilbert, Graff-Baker, Greenwood instrument, from
which a new osmometer was developed. A full description








2) Apparatus and Procedure,
a) The Fuoss-Mead Osmometer.
Apparatus
This osmometer was first used for polysaccharide
solutions in organic solvents, and was afterwards
converted for use as an aqueous osmometer.
The apparatus (see Fig. 2 ) resembled the conventional
20
Fuoss-Mead osmometer, in having the vertical membrane
(A) clamped between identical brass blocks (3 and C),
16*5cni. in diameter, and 40cm. thick. Concentric
grooves, 0-2 cm. wide and 0-1 cm. deep, were cut in the
surfaces of the brass blocks. These grooves, when
separated by the membrane, formed the solvent and
solution cells. The cells were connected to the
measuring capillaries (D and E) by holes drilled through
the brass blocks. The measuring capillaries were "Veridia"
precision bored tubing, 1 mm. bore, attached by
copper/glass seals to brass capillary adapters. These
adapters were screwed into the block of the osmometer,
with their aluminium foil gaskets.
Each block had a stand pipe and valve (F and G).
The brass stand pipe was screwed into the block with
aluminium foil gaskets. The valves in the stand pipes
were long stemmed, stainless steel, needle valves with
fibre 3eatings. The brass drainage tubes (H and I)
had short stemmed, stainless steel, needle valves with
- 25 -
lead foil seatings.
In order to fill and empty the osmometer a hole wajs
drilled through each block, from the stand pipe to the
drainage tube, with a connection to the bottom of the
osmometer cell.
Two refinements were, to have the membrane held
taut within concentric rings I2'5em. in diameter, and
to have an extra clamping surface with a tin foil gaske"
which isolated the cells from the water in the thermostlat
bath.
Assembly
The apparatus was assembled by laying block (B)
horizontal, and closing the stand pipe and drainage
valves. The grooved surface of the block was flooded
with solvent, and the membrane, stretched between the
concentric brass rings, placed in position. Block (C),
with both valves closed, was placed on top of block (B]
and the two spacers in block (0) ensured that the two
blocks came together identically at each assembly.
Ten^ B.S.E. screws, with washers, were used to clamp
the blocks together.
Each block had a clamping surface which had been
specially lapped to give a leak-tight fit, with the
membrane acting as a gasket between the surfaces. The
outer edge of the membrane recess was raised and lapped.
A tin foil gasket was clamped between this surface and
the lapped surface in block (C). It was this eeal
which gave the additional protection against leaks.
After removing the drainage valves, the apparatus
was placed in a specially constructed thermostat tank,
the drainage valves were replaced, as quickly as
possible, and solvent added to both cells to prevent
the membrane drying out. The osmometer was kept in
position in the thermostat tank with four positioning
screws in the bottom of the tank. A rubber gasket
between the osmometer and the bottom of the tank kept
the thermostat tank water-tight.
The thermostat ting was adjusted to 22-5 °G, and was;
controlled to + 0*01°C. This accuracy was attained
by lagging the copper tank with asbestos board, by-
having an efficient stirrer, and by using a chloroform/
mercury regulator, with its expansion bulb close to th^
two 250 watt spiral heaters. The heaters were
activated from a valve (K.T.66) relay.
The osmometer was adapted for aqueous osmometry by
having it nickel plated, in particular the surfaces of
the cells, and the clamping areas. "Teflon" gaskets
were used as seatings for the stand pipes and capillary
tubes, and "Teflon" seatings were used in the stand
pipe valves and drainage valves. 1*5 mm. precision
bored capillaries, cemented with "Araldite" thermo¬
setting cement, into brass adapters were substituted
for the 1*0 mm. capillaries.
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Procedure lor osmometry in organic solvents.
The solvent cell was filled by adding solvent down
the stand pipe with the valve open. After rinsing
the solvent cell several times, the stand pipe valve w^s
closed and the stand pipe filled with solvent. The
valve was then opened slightly and solvent allowed to
drain into the cell slowly, to reduce the possibility
of forming air bubbles in the cell.
The solution cell was filled, similarly, using th^
same portion of solution to fill the cell as had been
used to wash out the cell. This ensured that the
solution in the cell was all at the same concentration,
The actual concentration was determined at the end of
the osmotic pressure measurement.
During measurements, the solution stand pipe valv^
was removed, while the solvent stand pipe valve was
closed. This facilitated the approach to equilibrium,
as only a small volume of solvent, namely the volume of
the capillary bore above or below the equilibrium level,
had to be transferred. The solution stand pipe being
open, meant that an,y solvent flowing into the solution
side caused little change in level, since the change
in this case was determined by the stand pipe bore,
i.e. 10 mm. This system also minimised any errors du^
to permeating solvent diluting the solution. Solute
permeation effects were magnified by the above system.
The solvent volume was 7 ml. and the minimum solution
- 28 -
volume was 25 ml.
The evaluation of the "cell constant" was the first
measurement to be made, after assembling the osmometer.
When the apparatus did not have precision bored
capillaries, a variable cell constant was observed,
even when a membrane with a large hole in it was present.
In such a case the cell constant must have been due to
irregularities in the capillaries. The capillaries
were replaced with the two 1 mm. bore precision
capillaries, cut from the same piece of tubing. The
cell constant was determined in the absence of a membrahe
and found to be gero. This value was unchanged when
a membrane was present, and in all cell constant
determinations since then the cell constant has been
zero.
Each membrane, which was used, was calibrated by
measuring the time required to half a given pressure
(ti value, see page 54), with solvent on both sides of
the membrane. The t|. value gave a qualitative measure
of the semipermeability of the membrane, and also an
idea of the time an osmotic pressure would take to
develop and come to equilibrium.
The pressure could be adjusted, either by adding
more solvent into the solvent cell from the stand pipe,
or by removing solvent through the drainage valve. The




Measurements of the osmotic pressure were made by
the static method. A negative pressure was produced,
and then the observed pressure was plotted against time
until equilibrium had been reached. After equilibrium,
the pressure was observed for any decrease, due to
solute diffusion through the membrane. The graph for
such a measurement is shown in Fig. 3.
procedure for aqueous osmometry.
The osmometer was operated in a similar manner.
The only additional precaution was to ensure that the
capillaries had been carefully degreased. The
capillaries were degreased by immersing in hot 1:1
concentrated nitric acid:concentrated sulphuric acid,
overnight. They were rinsed, and then immersed for
5 mins. in warm 20^ caustic soda solution, rinsed
again, and the acid treatment repeated for a further
five minutes. The capillaries were finally thoroughly















£1 The Zimm-I.!yerson Osmometer.
Apparatus.
The Zimm-Myerson osmometer, of conventional
p "J
design, (see Fig. 4 ) consisted of a thick walled gla^s
cell (A), 22-24 mm. in diameter, and 10 mm. broad.
The faces of the side walls were 2-3 mm. thick, and
were ground flat. Two vertical membranes were clampec.
between the walls and the stainless steel plate3. Th^
latter had holes 20 mm. in diameter drilled through
them, to allow the solvent to reach the outer surfaces
of the clamped membranes. The clamping surfaces of
the steel plates were machined flat and polished.
The membranes acted as gaskets between the plates and
the glass cell. Three screws held the plates tight
against the walls of the cell.
The filling tube (B) was 20 cm. long and had a
ground glass socket (BIO), with cup, attached to the
top. Fig. 4 shows how the socket and cup were
adapted for use as a mercury seal. A glass rod (G)
was pushed through a cone (BIO) and held within the
cone by a piece of polythene tubing (D). The rod
fitted into the filling tube where the cone was seated
in the socket. When the cup was filled with mercury,
this arrangement acted as an efficient seal, and no
mercury leaked into the apparatus.
The measuring "capillary (E) was 0*5 ami. "Veridia'
precision bored tubing, about 10 cm. long, and attache!
- 33 -
by a 3 cm. piece of "Pyrex" tubing to an outlet in the
top of the solution cell. The reference capillary (F)
was "Veridia" tubing of the same diameter, and was
attached to the filling tube.
Assembly.
The stainless steel plate, fitted with the screws,
was laid horizontal with the screws upwards. A non-
wrinkled membrane, 2*5 cm. in diameter (see page 58 ),
was placed in position, centrally, over the stainless
steel plate. The membrane was never allowed to become
dry during the assembly. The glass osmometer was
placed in position and the other membrane laid on top
of the upper ground glass clamping surface. The
other plate was pushed down on top of the membrane, anc
screwed into position. Pingertight tension on the
screws was sufficient to ensure leak-tight seals.
After filling the apparatus with solvent, it was placec.
in a jar of solvent within the thermostat tank.
The thermostat was a plate glass tank (18" x 12"
x 12"). Temperature control was maintained to
+ O-Ol^C at 22*5^0 b;y a "Circotherm" unit, which incor¬
porated a heater, thermoregulating thermometer, valve
relay, stirrer, and circulating pump.
Procedure.
Filling and emptying the apparatus were accomplished
with the aid of the device shown in (Fig. 4 ). The
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cone (BIO) was fitted into the socket at the top of the
filling tube, and when suction was applied at the side
tube, the contents of the solution cell were drawn
into the 50 ml. flask. By carefully blowing into the
side tube, the contents of the flask could be trans¬
ferred to the osmometer, without any air "bubbles being
trapped in the filling tube.
The apparatus was filled with solution by adding
and removing solution from the apparatus into the flask
several times. This ensured adequate mixing of the
solution with the traces of solvent left in the osmomet
At the end of the osmotic pressure determination, the
solution was drawn into a dry 50 ml. flask, and the
concentration of a sample of the solution was
determined.
Osmotic pressure measurements were made by the
static method described on page.31. The level of
solution in the measuring capillary was adjusted to
approximately the expected value, by moving the rod (C)
up or down in the filling tube, and the change in the
solution level was observed.
In this type of osmometer, the membranes were not
supported on both sides, as in the Fuoss-Mead osmometer
and they may billow when pressures are exerted on them.
A modification to the Zimm-Myerson osmometer has been
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described, which prevents membrane flap, and which is
claimed to give an increased rate of equilibration.
In the osmometer used, the final equilibrium
pressure was taken as the mean of several observed
values, as no steady pressures were set up. This fact
reduced the accuracy of the osmometer, so that only the







c) The Modified Zimm-Myerson Osmometer.
Apparatus.
A simplified, all glass, Zimm-Myerson type of
osmometer was constructed, in which only the filling
tube was connected to the solution cell. The measuring
capillary was held in position inside the filling tube.
The solution cell (A) was a thick walled glass tube,
22-24 mm. in diameter, 10 mm. broad, and 2-3 mm. thick.
Brass plates, machined and polished flat, held the two
vertical membranes in position, as in the conventional
Zimm-Myerson osmometer (see page 33). Small holes were
drilled in the plates, to allow the solvent access to
the membrane. The filling tube (B) was 13 cm. long,
and 5 mm. wide. At the top of (B) a cone (BIO) with
cup was used as a mercury seal, as before (see Fig. 4 )„
The rod held within the cone was the measuring capillary
(C), a piece of precision bored tubing, 0*5 mm. bore,
and 15 cm. long. The reference capillary (D), also a
piece of 0*5 mm. precision bored tubing, was attached
to the filling tube.
Assembly.
The apparatus was assembled in the same way as the
conventional Zimm-Myerson osmometer (see page 34).
Procedure.
A device, shown in Fig. 5 , was used to fill and
empty the apparatus. By sucking, or blowing at the
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side tube, the solution could be removed from, and
inserted into, the apparatus.
Measurements were made by the static method, with
the same provisos as with the conventional osmometer.
The solution level could be adjusted by moving the
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d) The Gilbert, Graff-Baker, Greenwood Osmometer.
Apparatus.
Gilbert, Graff-3aker, and Greenwood have described
21
an osmometer, which was designed for accuracy rather
than for ease of manipulation. An osmometer of this
type (kindly loaned to us by Dr. G. A. Gilbert) was used
for the determination of the molecular weight of the
fractionated components from starch. These products,
because of their high molecular weight, required an
osmometer which would be capable of measuring, accurately,
pressures in the order of 0*1 mm.
Accuracy was dependent on very sensitive thermostat-
ting, and a rigid membrane. The rate of approach to
osmotic pressure equilibrium was increased by having a
large membrane area, and a narrow solvent capillary.
Both cells (A and C) (see Fig. 6 ) of the osmometer
were constructed from brass blocks, which had been nickel
plated. The membrane (B), which had been prepared while
stretched between two concentric brass rings, 12 cm. in
diameter, was clamped horizontally between the upper anc.
lower blocks. Twelve stainless steel nuts held the
two blocks together. The clamping surfaces of the
blocks were 6 mm. wide, and held the membrane rigid over
a domed support, which was 10 cm. in diameter, and had a
radius of curvature of 25 cm. To allow solvent access
to the lower surface of the membrane, the surface of the
dome was grooved. These grooves were of right angle
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section, 0-2 mm. deep and 1*0 mm. apart.
The lower solvent cell of the osmometer was connected
to a "Veridia" precision bored capillary (D) (0-4 mm.
bore) by a 1/32" hole drilled in the lower block. The
upper solution cell, which was conical in shape, was
connected to two capillaries: a measuring capillary (E
and a filling tube (F) both of precision bored tubing
(1*0 mm. and 2*0 mm. bore respectively). Cones, which
fitted into sockets in the upper osmometer block, were
ground on the bottom of each capillary. The cones wer^
cemented in position with magnesium oxychloride cement.
A later modification was made to enable the solvent
capillary to be changed if necessary. The solvent
capillary was cemented, using "Araldite" thermosetting
cement, into a nickel plated adapter, which was screwed
into the lower block. A thin piece of tin foil was
used as a gasket. Each capillary head was provided wijbh
a saturater to reduce evaporation. These were small
annular cups containing solvent. The capillary heads
were covered with small glass plates, grooved on the
under surface to ensure atmospheric pressure in the
capillaries.
Accurate thermostatting was most important, and th£
bath used showed no variation in temperature greater
O O
than 0*001 0, at 22*5 C, over long x>eriods. The bath
was constructed from 1/4" plate glass, 32" long x 17"
wide x 12" deep. A 100 watt heater, of rectangular
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shape (20" x 4"), was suspended parallel to, and 4" froty,
the back of the bath. A chloroform/mercury regulater
was placed in the bath with its expansion bulb near a
1" copper strip, joining the top and bottom sides of
the heater. This regulater controlled the heater
through a valve relay (Osram PX4). Vigorous agitation
of the water in the bath was maintained by a stirrer
driven by a 1/8th horse power motor, which also pumped
the water through a cotton wool filter. The top of th^
bath was covered with hard asbestos board.
Liquid levels in the osmometer were measured through
the glass walls with a cathetometer reading to 0-001 cm,
Condensation on the under side of the capillary cup lids
was prevented by gently heating, directly above the lids,
with a subsidiary, very low wattage heater.
Assembly .
The lower block was filled with degassed solvent,
and the membrane inserted, whilst ensuring that there
were no air bubbles trapped underneath it. Three pins
(G-^ G2 G-j) held the membrane central, while the upper
cell was lowered into place. The twelve nuts and boltfe
were then uniformly tightened. 3efore placing the
osmometer in the thermostat bath, the three pins were
removed, and the excess solvent drained off.
Procedure.
The contents of the solution cell could be transferred
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^rom the cell to the cup at the top of the solution
capillary by exerting pressure at the top of the solutior.
capillary (F). After emptying the solution cell, fresh
solutions were placed in the capillary cup, mixed by
Oscillating them between the solution cell and the
capillary cup, and then carefully run into the solution
pell, taking care to avoid the formation of bubbles.
£xcess solution was removed from the annular cup, and
the saturators on the solvent and solution capillaries
were filled with solvent. The glass covers were replace;
and the apparatus allowed to come to temperature equili-
jrium before osmotic pressure measurements were made.
A static method of observing osmotic pressures was
used.
As a preliminary to the measurement of an osmotic
pressure, the cell constant of the apparatus was
letex-mined. Since the solvent and solution capillaries
fad different bores, a difference in capillary rise, with
solvent in each capillary, was to be expected. This
sell constant was about 1*3 cm. when chloroform was the
3olvent. The cell constant was measured in the absence
of a membrane, in order to check that the cell constant
was indexxendent of the liquid level in the solvent
capillary. With the original 0'2 mm. precision bored
capillary, a variation in cell constant was found, and
measurements had to be made with the liquid
always in the same region in the capillary. This
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irregularity was probably due to quite small variations
in the bore of the solvent capillary. 0*4 mm. precisio
bored capillary was substituted, and the cell constant
was then independent of the liquid level.
The concenti-ation of the solution was determined at
the end of an osmotic pressure measurement by transferring
the contents of the solution cell into the capillary cuf





e) A New Osmometer.
A new osmometer, based on "the Gilbert, Graff-Baker
Greenwood apparatus, was designed, in collaboration with
Mr. 0. Graff-Baker. In this apparatus, accuracy was
again considered as more important than ease of manipula¬
tion. Improvements included (I) an internal seal to
ensure that water from the thermostat bath could not
reach the membrane, (II) removable capillaries, (III) a
more ideally domed support which would give more rigidity
to the membrane, and (IV) a complete interconnecting
seal for the tops of the capillaries.
Araratus.
The apparatus consisted of two brass blocks (A and
B), 5 3/8" in diameter, which were clamped together with
twelve 2 B.A. stainless steel screws. Two holes were
tapped in the lower block, one to hold the solvent
capillary (C), the other to collect excess solvent durilng
assembly. A small hole (3/16" dia.), through the block,
connected the solvent capillary with the lower solvent cell.
The clamping surface was 4" wide, and at an angle of
12-g to the horizontal. This angled clamping surface,
and a domed membrane support, 3i" in diameter, with a
radius of curvature of 8", were the optimum dimensions
to ensure the minimum of creasing of the membrane, wher
it was in the apparatus. These figures were the results
of experiments made by Mr. G. Graff-Baker, in which he
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built several model osmometers to observe directly the
creasing of the membrane. There were no sharp edges
to the clamping surfaces which might have cut the
membrane. The domed support was not grooved, in order
to keep the solvent cell volume to a minimum.
Two holes were tapped in the upper block to hold
the capillaries (D. and E). The internal seal,
mentioned above, was an "Edwards" "0" ring 4 1/16" in
diameter, which was held in place, round the upper blocjc,
by a brass ring (F), (internal diameter 3 3/4"). This
brass ring rested on a ledge in the lower block, and
as the upper block was screwed into position the "0"
ring sealed the solvent and solution cells from the
thermostat water.
Brass capillary adapters screwed into the brass
blocks with thin tin foil gaskets. The solvent
capillary (G) was cemented into its adapter with
thermosetting "Araldite" cement, while glass/metal
seals were used to seal the solution capillaries in
their adapters.
The glass/metal seals were made by platinising a
piece of capillary at 800°C. When the glass had coole
to 150°C, it was dipped in a bath of just-molten lead,
to give a thin, strongly adhering, film of lead. The
inside of the adapter was tinned with soft solder, and
the capillary soldered into the adapter. These seals
were leak-tight to a vacuum of 10"^mm. of mercury.
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To prevent evaporation of solvent, a ground glass
socket (B7) was sealed to the top of each capillary.
An interconnecting glass tube ensured that all three
capillaries were connected, at the same pressure, and
there could be no evaporation.
The apparatus was thermostatted to + OOOl^C.
Assembly.
After filling the lower cell with degassed solvent^
the membrane, prepared while stretched between two
concentric brass rings, 4" in diameter, was placed in
position, ensuring that no air bubbles were trapped
beneath it. The brass ring (F) was inserted, and it
held the membrane taut over the domed support, while the
upper block with the "0" ring in position, was lowered
onto the other block. The peripheral nuts were then
tightened to uniform pressure. During the assembly
the drainage hole in the upper block was left open.
When the two cells were tightly clamped together, the
excess solvent was withdrawn from the hole, and the plug
screwed into position. Three legs, 3/4" long, were
screwed into the base of the osmometer, and these
ensured better temperature control, in that no stagnant
water could collect under the osmometer.
Operation.
By applying pressure at the top of capillary (E),
the contents of the solution cell could be transferred
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to a removable cup, with a ground glass cone, which
could be attached at the top of capillary (D). With
this cup in place, the solution could be added to or
removed from the apparatus.
Osmotic pressure measurements were made in a




a.) Solvents and Solutions.
Chloroform and benzene were the two solvents used
in osmometry.
The chloroform was degassed before use, by boiling
for a short time, and then cooling in a stoppered flask.
Degassed solvent was most essential for the two
osmometers with the horizontal membranes, as the forma¬
tion of gas bubbles in the solvent cell entailed the
dismantling of the apparatus.
"Analar" benzene was used without any pretreatment
and gave satisfactory results.
Solutions in chloroform, for the new osmometer and
the original, were filtered before insertion into the
apparatus. Each solution was filtered several times
through a G3 sintered glass filter, and several times
through a G4 sintered filter. Using such filtered
solutions, no obstructions were formed in the narrow
capillaries of the osmometers.
b) Estimation of Concentration.
The concentration of the solutions, used in all the
osmometers, was determined at the end of the osmotic
pressure measurement. A small sample of solution (ca.
2 ml.) was transferred to a counterpoised weighing
bottle, and weighed. 10 ml. of solute precipitant,
usually petroleum ether (b.p. 80-100°C), was added to
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the solution in the weighing bottle. The main bulk
of the liquid was then evaporated on an electric hot
plate. More precipitant was added, and the evaporation
continued to dryness. The weighing bottle and contends
were then placed in a vacuum drier at 90 C overnight^
after which they were cooled and
weighed. This procedure prevented the formation of a
"glass" of polymer: the latter has been shown to
cause large errors in the estimated concentration.2^'2-^
c) Membrane s.
The whole success of osmometry depends upon the
behaviour of the membrane. This should be, ideally,
semipermeability to solute, yet at the same time
reasonable permeability to solvent. In practice it
is very difficult to achieve such a system.
(i) Theories of Membrane Action.
Many theories exist to explain membrane action.
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One of these is the "molecular sieve" theory, in
which membranes are regarded as porous structures
through which solvent molecules are able to permeate.
Solute molecules, on the other hand, are too large to
move through the pores. Complications arise, however,
when direct observations are made of the pores' sizes,
and the pore diameters are found to be greater than the|
diameters of the solute molecules which have been held
26 27
back by the membrane. '
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Another theory ' ' postulates that adsorption
forces, from the surface of the membrane, act across
the pores and so reduce the effective diameters to
less than the directly observed pore diameters. These
adsorption forces cause solvent molecules to become
attached to the surface. Then, by a displacement
action, the solvent molecules can progress through the
membrane, from the region of high, to the region of
low, solvent activity. The adsorbed solvent molecules
no longer act as a solvent for the solute molecules,
which are themselves negatively adsorbed, never
becoming adsorbed on the membrane surface.
I
On this theory, a membrane will be impermeable
.
to solute molecules, as long as the pores of the
membrane are not so large that the adsorption forces
are not effective right across the pores. In which
case, there is a channel within the pore, where there
is no adsorption effect and down which both solvent
and solute molecules are free to travel.
There is a third theory of membrane action: the
solubility theory,^® which postulates that the membrane
will onl^ be permeable to those substances which
dissolve in it. This theory i3 inadequate to explain
the action of the inorganic ferrocyanide membranes,
which are permeable to organic solvents.
(ii) T.ypes of Membrane used in Osmometry.
Two types of membrane are used in osmometry:
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a) the inorganic colloids, e.g. the copper ferro-
cyanide membranes,
b) the organic colloids, e.g. regenerated cellulose
and poly-vinyl-alcohol membranes.
In the work reported here, only the latter type of
membrane has been used. The materials included
bacterial cellulose, poly-vinyl-alcohol, and gel
cellophane (cellophane sheet which has never been
allowed to dry).
(iii) Permeability of Membranes.
Membrane permeability was expressed as the "t|
value." This value was determined by setting a
positive pressure in the osmometer, and then plotting
pressure against time. This curve was exponential,
and the time required for the pressure to decrease by
a half was constant. It was this time which was known
as the tJ, value, and which was a measure of the
2 '
relative permeabilities of different membranes, in the
same solvent, in the same osmometer.
(iv) Evidence of Pinholes in Membranes.
Immergut, Ranby and Mark^^xave reported a method
by which the presence of pinholes in a membrane may be
detected. If the solvent diffused homogeneously
through the membrane, an exponential decay, with time,
of a positive pressure (P), ought to be found
= V"®*
If on the other hand the solvent streamed through
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pinholes in the membrane, the decrease in pressure
should follow the relation
9 2
Pt" " P0= ~ Dt
On the basis of this, the graph of log ^/l0
against t should be a straight, line, if there are no
pinholes in the membrane.
This procedure was tried with gel cellophane
(No.600) membranes which had not been treated with
ammonia. Results were derived for membranes in the
modified, and unmodified, Zimm-Myerson osmometers.
Since both graphs were straight lines (see Fig. 8 ),
the membranes could be assumed to be free from pinholes
and suitable for osmometry.
(v) Behaviour of Bacterial Cellulose Membrane.
Bacterial cellulose membranes have the advantage
of greater permeability than cellophane membranes,
}2
and a consequent more rapid approach to equilibrium.
Only one bacterial cellulose membrane was used in this
work. This was found to possess a much lower per¬
meability than usual, and it was, therefore, hoped
that it would be able to be used to measure smaller
molecular weights, without solute permeation occurring
The very low permeability, however, rendered the membrane
impractical, due to the long times required for osmotic
pressure equilibrium. No other bacterial cellulose
membranes were available.
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(vi) Behaviour of Poly-vinyl-alcohol membranes.
Poly-vinyl-alcohol membranes^ (kindly given to u^
by Dr. H. I. Hookway) were used in the modified Zimm-
Myerson osmometer. In view of the unyielding nature
of the membranes, gaskets made from "Nylon 265" were
usually placed on either side of the membrane. The t_i31
value, in some early determinations, was only one minute.
A value attributed to pinholes in the membrane. When
a second pair of membranes were tried the t-| value was
in the order of 12 hours. This was much too large for
the membrane to have any practical value, since equilif
brium could not be expected in less than several days.
A new set of membranes were then inserted without
the Nylon gaskets, and had a ti value of 4g hours, a
value much more suitable for static osmotic pressure
measurements. The cell constant for the apparatus,
which should have been zero, was observed, in this cas^,
to be a variable value about 0 2 cm. In spite of thi^
a measurement of the molecular weight of a methylated
laminarin was attempted. At no time, however, could
the osmotic pressure be measured. The pressures varied
by centimetres between hourly observations. The
irregular results could not be attributed to a major
diffusion of solute through the membranes, because the
solvent was removed after the osmometer had been in
position for three weeks. The solvent was evaporated
down to small bulk, but gave no precipitate when thrown
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into petroleum ether (b.p. 80-100 0), which was known
to be a precipitate for methylated laminarin.
The unsatisfactory behaviour of the poly-vinyl-
alcohol membranes has prevented any use being made of
them in osmometry.
(vii) Behaviour of gel cellophane membranes.
Gel cellophane was stored in distilled water con¬
taining thymol as a preservative. After thoroughly
washing the membranes with water, they were conditioned
to chloroform, or benzene, by the following scheme.
The washed membranes were soaked, successively, for
one hour, in 25$, 50$, and 75$ acetone/water mixtures.
After which, the membranes were stretched between the
concentric clamping rings, so giving taut, unwrinkled
membranes. The stretched membranes were then soaked
for one hour in 100$ acetone, and for a further hour in
a 50$ mixture of acetone and the required solvent. Th^
final treatment in pure solvent lasted for at least two
hours. These membranes were found to be the most generally
useful of the three tried, and, therefore, all the
osmotic pressure measurements were made with them.
(viii) Ammonia Treatment of Gel-Cellophane Membranes.
Flory^ has described a treatment for gel cellophane
membranes, which includes soaking them in 7N ammonia
solution at room temperature. When this procedure was
tried, it was found that the ti value for the ammonia
A
treated membranes was greater than that for an untreated
-b&-
membrane (i.e. the membranes were less permeable).
This appeared, therefore, to be a method by which the
permeability of a membrane could be controlled. A
series of membranes were prepared, treated with differing
concentrations of ammonia, and their ti values determinad.
Pieces of gel cellophane (Noj500) cut from the same
sheet were washed in cold water, then soaked for 10
minutes in hot distilled water. Membranes, in duplicate,
were placed in a 25$, 40$, 50$, 70$, 80$, and 100$
solutions of 0*88 ammonia in water. The pairs of
membranes were thoroughly washed in cold water, con¬
ditioned to benzene, and the t-i value determined. The
results are shown in Pig. 9 . From this it can be
seen that for concentrations of ammonia up to 70$ there
was little or no effect on the permeability of the
membranes. With higher concentrations, however, the
permeability was greatly decreased. Treatment of the
membranes with ammonia is, therefore, a method of
controlling the permeability of gel-cellophane to
an organic solvent.
(ix) Sorption Measurements on Gel Cellophane Membranes.
Information on the permeability of membranes to
vapours can be obtained from a study of their sorption
isotherms. Two membranes, with vastly different
permeabilities as determined by the ti value (ta values2 2
of 3 hours and 10 minutes respectively), were studied in
35
a simple McBain-Baker sorption balance. The sample
- 60 -
-61-
was placed on the glass spring (sensitivity 14'42 cm./g^),
and the apparatus evacuated. Small quantities of water
vapour were admitted, and after equilibrium had been
established, the vapour pressure was measured as the
difference in mercury levels in a manometer. The
moisture regain of the sample was determined by the
extension of the spring. Graphs of moisture regain
(jo), against relative humidity (calculated from the
observed vapour pressure and temperature) are shown in
Fig. 10. The curves for the two sets of observations
were the same, within experimental error. From this
experiment there appeared to be no relation between the
permeability of a vapour phase, and the permeability of
a liquid phase, through cellophane membranes. This
only confirms that the action of osmotic membranes
depends on the pores, and not the fine structure, of
the membrane.
d) The Determination of the Density of Polymer Solutions
The osmotic pressure, expressed as a solvent heigh
yet observed as the difference in height of a column of
solution and a column of solvent, requires correction
for the difference in density between solvent and
solution (see page 69). In order to calculate this
density correction, the density of the solution must be
-5
determined with an accuracy of about 1 x 10 .
Preliminary experiments using a specific gravity
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bottle, and Sprengel-Ostwald pyknometers (equipped with
ground glass caps on the side arms) were not particularly
successful. The specific gravity bottle had too large
a capacity for the small quantities of material available
while the pyknometers were very awkward to fill, and to
adjust, so that they contained the same volume of liquid
each time.
Apparatus.
The difficulties of filling and adjusting can
be overcome by using a self-filling pyknometer, with
scales etched on the vertical capillaries. By having
the capillary arms of suitable length (at least 12 cm.)
and the bore suitably narrow (0*6 mm. precision tubing)
the loss of volatile solvent by evaporation can be
eliminated.
The apparatus consisted of a 4 ml. bulb, blown on
one side of a precision bored capillary "U" tube. 2 cm.
of the upper end of the other side arm were bent over
to form a hook, for filling the pyknometer, and for
hanging the pyknometer in the balance. Each side arm
had a reference mark etched on it.
Procedure.
The end of the hooked side was dipped into the
liquid, which was drawn into the pyknometer by capillar]/
action, and then the instrument was filled by siphoning
Enough liquid was drawn in, so that the levels in the
side arms were above the two reference marks. The
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apparatus was then transferred to a thermostat tank,
accurate to +_ 0*01°C. After half-an-hour in the
thermostat, the heights of the liquid levels above the
reference marks were measured with a cathetometer
(reading to OOOl cm.). The apparatus was then removed
from the thermostat, carefully dried, and weighed on a
semimicrobalance to the nearest 0*01 mg. To obtain the
weight of liquid, the pyknometer had previously been
weighed empty. The volume of the liquid was calculated
from a calibration of the apparatus.
Calibration.
The calibration was carried out using benzene of
very high purity as the standard liquid. The weights
of liquid, for different levels in the capillary arms,
were measured. The calculated volumes of benzene were
then plotted against the sum of the levels above the
reference marks. (See Table 5 and Fig.11 ). From a
knowledge of the sum of the liquid levels, the volume
present in the pyknometer could be calculated.
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Method of Least Squares.
To calculate the best straight line graph for the
above data the method of least squares was used. The
values of Z(x), X(y), IL(xy), and 3L(x2) were
calculated. These values were substituted in the
simultaneous equations:
Z(y) - a0n - a I_(x) = o
X(xy) - a0Z(x) - a Z.(x2) = o
The equations were solved for a, and a0, where n
is the number of observations made.
















calculations on an adding
machine.





Substituting these values and solving the equations
gives
Y = 4*24651 + 0-00781 (x).
This line is drawn through the observed points
plotted in Fig.11.
Operation.
The procedure for the determination of the density
of a liquid was as in the procedure above, first
determining the volume of liquid, and then the weight
of that volume. The results for a series of density
determinations oh solutions of raw gum from Grandifolia
in 0-75M NaCl are shown in Table 6 and Fig. 12, as a
typical example. Table 6
Density of Solutions of raw Grandifolia Gum in Q-75M NaCl.
Sum of levels Vol.of Solu- Wt.of Solu-
tion tion of soIn
cm. cc. g< g./cc.
2-423 4-26543 4*30124 1*00840
1-784 4*26044 4*29299 1-00764
1-274 4-25646 4*28501 1-00671
4-401 4-28088 4-30388 1-00538


















4. The Density Correction in Osmotic Pressure measurements
bince the osmotic pressure of a solution is expressed
as a solvent height, for the purposes of the calculation
of the molecular weight, but is measured as the difference
in level between a column of solvent and a column of
solution, a correction must be applied to account for tJjie
different densities of the two liquid columns. The
corrected height of the solution column is obtained by
'multiplying the measured height (less the capillary ris^)
by the ratio of the density of the solution to the
density of the solvent.
The corrected osmotic pressure "^*cor = hs ^ -h0
where h0 and ha are, respectively, the heights of the
solvent and solution columns above the level of a
horizontal membrane, and above the centre point of a
pi
vertical membrane. J da and d$ are the respective
densities of the solvent and the solution.
The density of a solution is given by
^ — r) C(d-d0 ) ( -|aS " Q0 + I'dda""
whei'e c is the concentration in g./lOO ml. of solution,
and d is the density of the solute.
-rr = h3 fg° + °(d-d°>1. hocor- L d0 lOOd dQ J
= hs + hsc(d"do) - h03
lOOd d0 0




In order to calculate K, the density of the solute
must be known. By accurately measuring the density of
a solution of known concentration the density of the
solute can be calculated from equation (1) above. The
value of h3cK can then be evaluated for each concentra-
tion and solution height, and so allow the corrected
osmotic pressures to be calculated.
TT
e) An Apparent Dependence of — on the Membrane.
V
The results of an osmotic pressure determination oil
methylated barley gum, using a conventional Zimm-Myerson
osmometer and No.oOO gel cellophane (non ammonia-treated)
membranes, are reported on page !Zl . Later another
series oi measurements were made on the same sample, in
the 3ame osmometer, cut using ammonia treated No.600 gel
cellophane membranes. These latter results are given in
Table 7 below. The graphs of against c for the two
Vf
determinations are shown in Pig.13. It can be seen
therefore, that treating the two sets of results
independantly, the same molecular weight is obtained,
but the slopes of the two graphs are different. This
phenomenon ax>pears to contradict the results of Men^ik.
Without carrying out a further series of experiments,





Solvent Concentration Osmotic Pressure TT_
(c g./lOO ml.) (TT cms. solvent) c




5. Estimation of the Accuracy of Measurements.
whenever a new osmometer was brought into operation
for the first time, or a new membrane was inserted in an
osmometer, some measure of the efficiency of the new
conditions was required. This was accomplished by
making an osmotic pressure determination with a standard
solute, which had already been thoroughly investigated.
The solute chosen was a broad fraction of poly¬
styrene which had already been the subject of several
osmotic pressure investigations!^ ' ^'^t was known that
the fraction had a low molecular weight "tail," which
would diffuse through all except the most selective of
membranes. So the rate of decrease of the equilibrium
osmotic pressure was also observed to give more
information about the efficiency of the membrane.
The original osmotic pressure measurements were
made on the sample using the Gilbert, Graff-Baker, and
Greenwood osmometer, and in addition one measurement was
made with the Fuoss-Mead osmometer. The membranes
used were gel cellophane (No.600), untreated with
ammonia, and conditioned to chloroform in the usual way
Solute permeation was observed in both osmometers. It
was corrected for b,y extrapolating pressures linearly
back to zero time. The consistent results from the

























The results shown in Table 8 include corrections
. .
for the density of the solution (see page 69). The
T/c /. C. curve appeared linear (see Fig. 14) and
application of the method of least squares showed that
the data were best represented by the equation:
TT/c = 0-861 + 0-952 C
Table 8
Osmotic Pressure Measurements on Polystyrene in Chloroform
















s Measurement in the Fuoss-Mead osmometer
These figures give a value of 195,000 for tfre
number average molecular weight, which may be compared
with 222,500 and 210,000 obtained using denitrated
39
collodiun and a Fuoss-Mead osmometer, and 156,500




Sources of discrepancy, other than solute permeatioz
(for which adequate correction may have been made) were
1) membrane dissymetry, 2) solute adsorption on the
membrane, and 3) neglect of the appropriate correction
for density.
There was no evidence of membrane dissymetry. The
effect of adsorption of solute may well vary with the
type of membrane used. In these experiments, the effect
on the osmotic pressures of any random adsorption of
solute on the membrane was eliminated, as all concentra¬
tions were measured, in duplicate, after each determina¬
tion. Proof of the absence of any preferential
adsorption of either low, or high, molecular weight solute
was difficult to obtain. It was thought that such
effects were not occurring as 1) consistent osmotic
pressures were observed, independently of the order in
which solutions of varying concentrations were measured,
and 2) in an additional experiment there was no change
in the observed osmotic pressure, when the osmometer
was filled, successively, with two solutions of the same
concentration (i.e. 7T = 0*420 and 0*419 cm. chloroform,
respectively). Both "selective" and "non selective"
adsorption could have influenced the other determinations
carried out on this sample.
Density corrections §re extremely important when
high molecular weight substances are being examined,
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particularly when comparisons are made between the
results from different osmometers: although negligible
in the case of the Zimm-Myerson instrument, they are
considerable in the Fuoss-Mead type osmometer. For
example, if Cleverdon's result of 222,500 were corrected
on the basis of an average height of solution column of
20 cm. the value of !fo~ would be 215,000.
The most likely reason for the discrepancy was the
low molecular weight "tail" escaping notice in the
measurements giving the higher values. Low molecular
weight material was certainly present in the sample, as
shown in our measurements, although it was not
apparent in those of Cleverdon. If this was so,
then extrapolations applied for solute permeation must
41
be incorrect. It may also be noted that Staverman
believes that this method of correcting for solute
diffusion is inadequate.
Sufficient data was, however, available, so that
if the osmotic pressure, as measured in any new set of
conditions, was in agreement with the results above,
then the new conditions of measurement were satisfactory.
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Introduction and Theory.
Viscosity measurements can be carried out with ease
and high accuracy, but the method is not absolute and
requires calibration.
In a capillary viscometer, where the flow time (t)
of a fixed volume of liquid through a capillary is
measured, the viscosity (^ ) is given by the equation
t) = Kdt - —■
where K & B are constants and d is the density of the
liquid. B is a kinetic energy correction which can be
calculated by making measurements of t with different
pure liquids of known viscosity and density. In order
to reduce the value of B, t should exceed 100 seconds
O
in a bath regulated to + 0*02 C. The value of B was
negligible for the viscometers used in this work.
In this case, therefore,
= Kdt - solution viscosity *
lp0 = Kdot0 - solvent viscosity.
the solution/solvent viscosity ratio.
Now the most characteristic viscometric quantity
when dealing with polymer solutions is the specific
* The nomenclature used in this section is in accordance
with that recommended by the International Union of Pure
and Applied Chemistry, J. Polymer Sci., 8, 257, (1952).
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viscosity sp)• This was defined by Staudinger as
I'l -'
Hence , 3p .
7̂.
= t-t"°o
, if d = d0 (an approxima-j-
~*o
tion which is valid for dilute solutions).
For polymer solutions l£so is related to the con¬
centration by the continued series
7 sp = Ac + Be2 + Cc^+
For low concentrations (c <■ 1 g./lOO ml.) this
reduces to
7sp = ac + b°2
which can be written as
fa/c = A + Be.
where —is the viscosity number. It is the limiting
case of this equation which is important, i.e.
O] -1?] = the limiting viscosity number,
lim.c-vo
This is obtained by extrapolation of the graph of ?J!E
G
against c to zero concentration. The limiting viscosity
number [ip ] is characteristic of a solution, and is used
to calculate the molecular weight of the solute.
Staudinger^ was the first to propose that
= KM
where K is a constant and M is the molecular weight
of the solute.
This equation has now been superseded by one
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proposed by Mark'1,4 and Houwink5^
[t|]= KMa
an equation which appears to have wide application.
K and a have to be evaluated, for every polymer/solvent
system, from the viscosities of a series of well-
defined fractions of known molecular weigjit. Only theifi
can the equation be applied to the same polymer/solvent
system with solutes of unknown molecular weight.








This average is identical with the weight average when
a = 1. Since a is usually between 0*5 and 1*5, the
viscosity average is nearer the weight average than the
number average. So, when the constants K and a are
being evaluated, the. independent determination of the
molecular weight should preferably be made by a method
which gives a weight average.
Because of the difficulty of interpretation of
results, viscosity is normally used only as a relative
measure of the molecular weights of a series of samples
This has very useful applications in the control of
preparative procedures in polysaccharide chemistry.
Apparatus and Procedure.







Ubbelohde viscometer5^ '/[ 'The apparatus (shown in Fig.15)
was held vertical on a brass stand in the thermostat
tank. 10 ml. of the original solution were added to
the apparatus down tube (A). Ground glass sockets
(BIO) at the top of tubes (A) and (B) allowed tube (A)
to be closed, with a ground glass stopper, while
■
pressure was exerted at the top of (B). In this manner
some of the contents of the viscometer were transferred
to the bulbs at the top of the capillary (C) (0*4 mm.
bore). When the pressure was released, the time for the
liquid level to pass two marks, one above and one below
bulb (D), was measured, using a stop watch reading to
0*05 seconds. The flow time of the solution was taken
as the mean of at least three such replicate observations.
Dilutions were carried out in the viscometer.
Accurately known volumes of solvent were added down
tube (A), and the solution thoroughly mixed in bulb (E)
by blowing gently down tube (A). At the end of the
final measurement, the concentration of the solution was
I
determined by removing a sample, and treating it as for
solutions from an osmometer (see page 51).
The apparatus was thoroughly washed with solvent,
and the flow time for solvent determined.
The solvent and the original solution were carefully
filtered through G3 and G4 sintered glass filters before
insertion into the viscometer. This was most important
due to the ease with which the narrow capillary could be




The boiling point of a liquid is the temperature
at which its vapour pressure is equal to the atmospheric
pressure. Since the vapour pressure of a solution is
lower than that of the solvent, at the same temperature
P -P n
(Raoult's Law __2 = ), the temperature at which
P0 n+n0
the solution vapour pressure reaches atmospheric
pressure is higher than the boiling point of the solvent.
The change in temperature (AT) needed to raise th$
vapour pressure of the solution to that of the solvent
can be shown by thermodynamics to be
P0-P _ LAT
P RT-
where P and PQ are the vapour pressures of solution and
solvent respectively, l is the latent heat of vaporisa¬




where n + n0 are the moles of solute and solvent,




From a knowledge of the concentration of the solution
and the molecular weight of the solvent, the molecular
weight of the solute can be determined.
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The boiling point of a liquid, as measured by a
thermometer immersed in the boiling liquid, has no real
significance. Even if superheating of the liquid were
eliminated, the thermometer would register a temperature
higher than the boiling point. This is due to the
hydrostatic pressure, at the level in the liquid at
which the temperature is measured, causing an elevation
of the boiling point above that at the surface.
The characteristic property of a boiling liquid is
its boiling temperature. This is defined as the
temperature of a thin film of liquid which is in equili¬
brium with its vapour, the vapour pressure being
48
atmospheric pressure. Oottrell was the first to
realise this ideal with an apparatus which used the
ebullition of the liquid to pump boiling liquid on to
the thermometer. The liquid loses most of its super¬
heating during the traverse of the pump, and the
temperature registered on the thermometer is the boiling
temperature.
The condensation temperature is the temperature of
a thin film of condensed liquid, coexisting on the bulb
of the thermometer with the vapour.
The condensation and boiling temperature of pure
solvent are the same. If, however, non-volatile
solute is added to the solvent, the boiling temperature
only will be elevated. In this case, the difference
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between the boiling temperature and the condensation
temperature is the elevation of the boiling point.
It is this temperature difference which is
measured in the ebulliometer. The method has the
advantage of being independent of changes in atmospheric
pressure. There is one source of error, however, which
is the increased concentration of the boiling solution,
as compared with the solution before boiling commenced.
The most convenient way to eliminate a correction for
this is to make comparative measurements with substances
of known molecular weight. This procedure was adopted.
Apparatus and Procedure.
AQ
Ray ^ has described an ebulliometer, which was
claimed to be capable of measuring the elevation of the
boiling point of solutions of polymers of molecular
weights of up to 30,000. It was felt that this design
had the disadvantage that the thermal ends, which were
measuring the temperature elevation, were not sufficiently
protected against the conduction of heat from one end
to the other. In addition, a more ideal system would
include a second apparatus in which solvent alone was
boiling; the boiling temperature of the solution would
then be compared with the condensation temperatures of
the solution, and of the pure solvent in this second
apparatus. Corrections could then be applied for
changes in the condensation temperature of the solution
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due to volatile impurities in the solute.
With these ideas in mind, an apparatus was designed
and constructed in which the condensation and boiling
temperatures were measux'ed in different wells. The
boiling temperature well, which was heated by the out
flow from a Cottrell pump, was made large enough to hold
a second thermel. This could then be used to compare
the boiling temperature of the solution with the
condensation temperature of pure solvent in a second
apparatus.
A twenty-junction thermel was made from 22 S.W.G.
thermocouple wires (obtained from British Driver-Harris
Co. Ltd., iianchester). The wires were varnished with
a heat resistant insulating varnish. A galvonometer,
sensitivity 105 mm. /pfi at one metre, anc> internal
resistance 25A , although not sufficiently sensitive fo^*
measurements on polymers, was used in the preliminary
experiments. Paraffin wax was used to ensure good
contact between the thermel and the well. The whole
apparatus was lagged with mineral wool.
When the apparatus was used with a Ifo solution of
I a-naphthol as a standard solution, a temperature diffe¬
rence between the wells could be observed with a Beckma}in
thermometer. However, when the thermel and galvonometer
were used no significant deflection was observed. The
thermel sensitivity was determined, and found to be
about 200 cm./°C, which was sufficient for large
deflections with the solutions used. It was observed
that when the thermel had both ends at the same
temperature, the galvonometer registered a considerable
deflection. Shis effect could be explained on the basis
RQ
of inhomogeneity of the wire. An effect of this
nature, however, should be superimposed on a deflection
due to temperature differences between the thermel wells,
and cannot account for the lack of response in the
galvonometer.
In the apparatus, the thermel ends were in different
wells, and the remainder of the thermel was outside the
apparatus, at a much lower temperature, although the
whole apparatus was lagged. This temperature differen¬
tial was presumably such that heat was conducted away
| from the thermel so that the ends never reached the
temperature of the wells.
When narrower gauge wires (36 S.W.G.) were used
for the thermel, better results were obtained as there
was less heat loss due to conduction, and perhaps the
narrower gauge alloy was more homogeneous.
A second ebulliometer, taking account of all the
above facts, was therefore designed as shown in Tig. 16
The apparatus was essentially three concentric
glass tubes. The innermost tube, which held the thermal,
was a 20 cm. length of specially selected thin walled
Pyrex (0*8 cm. diameter). The middle tube, which was
the vapour jacket round the thermel, was 2*5 cm. in
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diameter. The outer tube, 3-5 cm. in diameter, was a
vacuum jacket insulating as much of the vapour jacket
as possible. A side tube, 2 cm. in diameter, and 7*5
cm. long, held the Cottrell pump. The pump had a bell
1 cm. in diameter, and 4*5 cm. long. Boiling liquid
was pumped up a 0*2 cm. tube, which was bent round so
that the liquid was ejected on to the top of the thermel
tube. The return from the condenser led to the heater,
which was platinum wire wound, with a foundation of
asbestos paper, on the glass below the side tube. The
heater was supplied from a lOv. Variac transformer.
A "T" piece, which could be sealed off with mercury,
was attached to the foot of the condenser return. Wheh
the mercury level had been lowered the contents of the
ebulliometer could be removed. Solute additions were
made down the condenser.
A twenty junction thermel was constructed using
36 S.Vv.G. copper wire and 30 S.V, .G. 'Eureka." The
apparatus was then tested with the galvanometer described
above. The galvanometer gave the expected deflections
with standard solutions, and the apparatus appeared to
behave quite satisfactorily in everj way. However,
experiments involving calibration and actual measurements
on polymer solutions could not be started owing to the




RESULTS OF THE DETERMINATIONS OF THE
MOLECULAR WEIGHT OF POLYSACCHARIDES
STUDIES ON INULIN.
INTRODUCTION
Iructo3ans occur in Nature as plant reserve carbo¬
hydrates, in particular they occur in the cell sap of the
roots of the Compositae. Inulin is the fructosan which
has been the subject of most investigations.
The most common sources of inulin are the roots of
dahlias and chickory. Since inulin is in solution in
'
the cell sap of these tubers, it is readily extracted in
a relatively undegraded form. It can be dissolved out
in warm water and then precipitated, either by cooling
the solution, or by adding alcohol to the solution.
Usually the plant juices are expressed, and collected
before the macerated plant tissues are extracted. The
enzymes in the combined extracts must then be inactivated
to prevent inadvertent degradation of the inulin.
Enzymic hydrolysis of inulin has given a quantitative
51
yield of D-f'ructose. Methylation and hydrolysis have
52
yielded principally 3:4:6-trimethy1 fructose. In
view of these facts, and since the ease of hydrolysis
indicates furanose rings, the interchain linkages in
inulin have been accepted as being primarily of the 1-2
type.
The recently reported presence of chromatographically
detectable quantities of glucose in the hydrolysates of
52 53
various inulins; * the isolation of 2:3:4:6-tetra-0-
52
methyl-D-glucose from methylated inulin; and the
biogenetic evidence that fructosans are built up in the
54
plant irom sucrose by transfructosidisation, have all
been indications that inulin, and other fructosans,
contain a terminal glucose unit. Further evidence tha|t
the glucose is linked to the penultimate fructofuranose
unit, as in sucrose, has come from the recent isolation
55
of sucrose from solutions of autohydrolysed inulin.
The molecular weight of inulin, as determined on
5
inulin acetate by Rast's method was 6,300 (or 22 units).
57
| Osmotic pressure measurements by Garter and Record on
the methylated and acetylated inulin were compared with
the results of an end group assay. Both methods showed
the chain length to be 30 units, and confirmed that
inulin was a linear polysaccharide. The molecular
weight of inulin, by osmotic pressure, has also been
reported as 5,200 for an unpurified sample, and 7,000
for a purified sample.^
In the work reported here, inulin was extracted
from dahlia tubers taking as many precautions as possible
to avoid enzymic degradation and degradation due to the
reagents. After expressing the juice, aqueous extracts
of the tubers were carried out at various temperatures.
No effort was made at this stage to remove protein
52 54 59
although many such procedures have been reported. ' '
It was thougat that these might cause unnecessary degra¬
dation. Each fraction was examined chromatographically
for glucose before being acetylated. The acetylated
products were more stable than inulin which autohydrolyses
in solution, and in addition, during the mild esterific^-
tion protein was simultaneously removed. Acetylation
was carried out using acetic anhydride after dispersing
the inulin in pyridine. The acet^lated products were
examined by viscometry and isothermal distillation.




i) Isolation of Inulin Fractions.
Dahlia tubers (1 Kgm.) were peeled, washed, dried,
and then minced. The minced product was collected in
a muslin bag and the juice expressed (Fraction I). The
residue after the expression of the juice was extracted
for 5 minutes with cold water (1,500 ml. at 10-20 C), ip.
an "Atomix" macerator. Solid matter was removed by
centrifugation at 2,000 r.p.m. for 15 minutes, and the
supernatant collected and filtered (Fraction II). The
centrifugate was extracted with water (1,000 ml. at 50-
60 G) in the "Atomix," and the extract separated from tme
solid matter, again by centrifugation and filtration
(Fraction III). A final extraction with water at 90-
100 G gave Fraction IV, and left a residue (weight =
10 g.). Each fraction was freeze dried.
All the fractions were analysed for percentage ash
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nitrogen content (by semi micro Kjeldahl) and the visco3
(in aqueous solution). A sealed-tube hydrolysis with
0-5?£ HC1 was carried out on each fraction, and the
hydrolysed material qualitatively examined by chromato¬
graphy. The reducing powers of the originals, and
hydrolysed samples were determined by Somogyi's method.




Total Weight (g.) 42-6 38-5
Ash (f0) 4-5 5-9
Nitrogen (#) 0-89 1.4
flow time (sees.)
11J2. solution in water)
253-9 226-5
Total Reducing Power 2-8 3-8
(mg.Fructose/l66 mg.Sample)
(Unhydrolysed material)




























ii) Acet^lation of Inulin Fractions.
0
Inulin (2 g.) was swelled at 80 C for 1 hour in
pyridine (20 ml.). Acetic anhydride (20 ml.) was addec.
at the rate of 5-10 ml. per hour, at room temperature.
The reaction mixture was stix-red continuously until all
the acetic anhydride had been added, after which it was
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transferred to a 100 nil. stoppez*ed flask, and shaken
overnight. After shaking, the solution was filtered
through a grade 2 sintered glass filter and then poured
into 100 ml. of iced water. The acetylated pz'oduct
was quickly filtered off, and thoroughly washed with
cold water to remove the acetic acid.
The first stage in the purification of the acetate
was to dissolve it in the minimum volume of acetone and
reprecipitate it by adding water to the acetone solution.
The acetate was centrifuged down, and further purified
by dissolving it in the minimum volume of a 1:1 mixture
of acetone and chloroform. Purified acetate was
recovered by adding small volumes of this solution into
petrol ether (b.p. 60-80°C). The acetate was dried
overnight in a vacuum drier at room temperature.
iii) Examination of the Acetates.
The acetyl content of eqch acetate was determined
by the method of Clark,and all contained more than 46$
I
acetyl. Since ail the fractions were soluble in
chloroform, the ucetylation procedure was taken as
satisfactory.
The molecular weight of the acetate of Fraction I
was determined by isothermal distillation, and found to




Inulin acetate - Fraction I.




Benzene 0-5 0 0 0-00 0-00
18 10 0-76 0-79
24 40 0-99 0-89
43 10 1-44 1-44
65 35 2-11 2-03
90 55 3-06 2-89
.
Mn = 5,600
The viscosity of chloroform solutions of each of
the acetylated fractions was determined (see Table 11
and Fig.17).
Table 11
















































Inulin acetate - Fraction IV.
Concentration Specific Viscosity Viscosity Number








The values of [tj ] were determined by extrapolation
of the graph of against c to zero
c
concentration.
(iv) Effect of the Swelling Temperature on the Viscosity
of Inulin Acetate.
Samples of inulin (Fraction I) were acetylated as
above, except those in fraction IA and 13 the inulin was
swelled in pyridine at 50 G and 20 C respectively. The
viscosity results for chloroform solutions are given in
Table 12 and Fig.17.
Table 12
Inulin acetate - Fraction IA.
Concentration Specific Viscosity Viscosity Number













The values of [rj ] were determined graphically.
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v) Further Acetylation Experiments,
Inulin acetate - Fraction IC was obtained by
acetylating a sample oi Fraction I as described, except
that the acetate was recovered without shaking the
reaction mixture overnight.
Inulin acetate - Fraction ID was prepared by dis¬
pensing inulin - Fraction I (2 g.) at room temperature
in a mixture of formamide (20 ml.) and pyridine (20 ml.).
The rest of the procedure was as for Fraction IC above.
The viscosity results for chloroform solutions are
-
shown in Table 13 and Fig.17.
Inulin acetate - Fraction 10.
Concentration Specific Viscosity Viscosity Number
Table 13









































A summary of the extraction scheme and the proper¬
ties of the different fractions is shown in Table 14.
Table 14.
Results of Investigations on Inalin Fractions.
[o] of Amount










1 41 (Juice) 0-014
2 36 10-20 0-010
3 9 50-60 0-012










The main bulk of inulin (77^) was extractable at
room temperature. It is of interest that the amount o
glucose present in the different fractions was small for
the juice, increased for the cold water extract, and
then decreased with increased extraction temperature.
The complete absence of glucose at higher temperatures
was presumably due to the autohydrolytic effects previously
55
recorded. The size of the fractions was only slightly
dependent of the extractive temperature, which suggested
that any degradation which might have occurred was of a
stepwise hydrolytic nature.
Various modifications of the acetic anhydride/
pyridine method of acetylation were investigated (Table
15). It was found that swelling in pyridine at an
elevated temperature appeared to cause degradation, whilst
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swelling at room temperature or dispersing in formamide
were both successful. The latter procedure was then
used to acetylate all the fractions (1-4). In view of
Table 15.
The Effect of Varying Acetylation Conditions.
Fraction Swelling Temp.-reagent [?] of acetate
1A 50°C - pyridine 0*048
IB 20*C - pyridine 0*061
10 15* C - pyridine 0*060
ID 15*G - formamide 0*064
their identical limiting viscosity numbers, the molecular
weight of each fraction was not determined: that of
fraction 1 was 5,600 (i.e. D.P. = 20). This value was
slightly lower than those previously recorded (i.e.
E7F. = 3057 and 2256).
In view of the precautions taken to avoid degrada¬
tion, the implications are either that the inulin
molecule possesses a short chain length of about 20-30
units, or that its size may vary with the seasonal growth.
In these investigations, the tubers were harvested in
November in the dormant season. Further investigations
could profitably be made on these lines.
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STUDIES OH HEMICELLULOSES AND SHORT-OEiAIN
GLUCOSANS.
GENERAL INTRODUCTION
The polysaccharides to be considered in this sectio
have been subdivided into four groups:
1. the hemicellulose3, or x^lans,
2. the lichenins and isolichenins,
3. the laminarins,
4. other short-chain glucosans.
The hemicelluloses can be broadly defined as those
polysaccharides, occurring along with cellulose in plant
tissues. The most important group of these materials i
the xylans - the only group of pentosans which has been
studied to any great extent. Structural investigations
have shown them to be usually short linear molecules.
Short-chain glucosans are also quite widely distri¬
buted in Nature. Few physical measurements of their
size have been carried out. Structural investigations
have usually shown them to be composed predominantly of
unbranched chains of D-glucose units. The materials
which were available for study included the laevorotatorjy




Many polysaccharides occur in conjunction with
cellulose in plant tissues. The term hemicellulose is
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usually applied to all the water insoluble carbohydrates
of the cell wall, with the exception of cellulose and
pectin. The bulk of hemicellulose material appears,
however, to be a single polysaccharide-xylan, and this
Department has been particularly interested in the
isolation and examination of this polysaccharide.
The isolation of pure Xylans has proved most
difficult, due to the wide range of polysaccharides of
differing molecular size and structure, which occur
together as hemicellulose. In most cases the plant
material is extracted with 5p alkali, sometimes at room
temperature, but at other times higher temperatures are
needed. Sometimes, but not always, a drastic delignification
process (using sodium chlorite in acetic acid) is necessary
before the alkali-soluble material can be isolated.
Little is yet known of the effect of the reagents used
in the extraction, on the molecular size of the product,
but a recent review has outlined the conditions neces4ary
to avoid degradation during isolation.
After extraction,the product must be fractionated
and purified. Processes such as acetone fractionation,
ammonium sulphate fractionation, fractional solubilization
and precipitation of the copper complex, are some which
can be used. The success of any method depends to a
large extent on the properties of the particular hemi¬
cellulose under consideration.
Structural investigations would appear to indicate
that there are two types of x^lans, 1) simple xylans,
- 101 -
and 2) polymers of xylose incorporating glucuronic acid
and arabinose. The structural significance of the
glucuronic acid and arabinose have recently been questioned.
The relation between the unit chain length, as derived
by end group assay, and the physical molecular size has
63 64
only seldom been reported, but in one case s structure
involving one branch point was confirmed. In the main,
structural investigations have indicated that the xylans
possess a unit chain length of 200 or less. As a resull
the materials are difficult to deal with by osmometry, and
the isothermal distillation method was almost invariably
used.
EXPERIMENTAL.
The molecular weights of samples A1-A8 were
determined by isothermal distillation (see Table 16).
Table 16-
Sample Al - methylated xylan barle.y straw (solution in
chloroform).
Concentra¬ Time Change in Change
tion solution level solvent
(g./100ml) (hrs) (mins) (mm.) (mm.)
0-8 0 0 0-00 0-00
3 0 0-07 0-06
21 55 2-54 2-40
28 35 3-45 3-19
Mn = 3,600
- 102 -
Sample A2 - methylated xylan-oat straw (solution in benz
Concentra¬ Time Change in Change in
tion solution level solvent level
(g./100ml) (hrs) (mins) (mm.) (mm.)
0-8 0 0 0-00 0-00
17 51 — 0-31
24 41 — 0-44
41 54 — 0-79
65 54 — 1.22
89 54 — 1.62
162 54 - 3-31
Mn = 14,700
Sample A3 - methylated x./Ian-esparto (solution in benzene)
0»8 0 0 0-00 0-00
16 30 0-28 0-36
74 0 1-96 2-15
88 45 2-31 2-70
114 20 3-00 3*61
"'-n = 5,800
Sample A4 - methylated xy lan--spruce (solution in
0*6 0 0 0-00 0-00
14 40 0-24 0-34
97 0 1-78 1-60
121 0 1-90 2-48
237 0 3-91 3-59
Mn = 16,900




0 0 0-00 0-00
24 0 0.55 0.38
48 15 1-10 0-79
72 15 1.75 1-29
97 5 2.30 1-86
128 55 2.92 2-67
144 15 3-32 3-02
Mn = 10,500
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Sample A6 - methylated xylan-wheat straw (solution in
benzene).
Concentra¬ Time Change in Change in
tion solution level solvent level
(g./lQOml. ) (hrs) (mins) (mm.) (mm.)
0*6 0 0 0-00 0-00
23 50 0-52 0-42
48 0 1-05 0-94
72 5 1-47 1-45
120 0 2-61 2-42
144 • 0 3-03 3-06
169 0 3-68 3-67
192 0 4-22 4-25
Mn = 12,000
Sample A7 - methylated xylan-R.palmata (solution in benz
1.1 0 0 0-00 0-00
17 0 0* 88 0-34
24 5 1-10 0-77
40 45 1-83 1-50
47 45 2-05 1-83
65 0 2-98 2-59
72 30 3-33 3-01
89 20 3-97 /3* 73
Mn = 13,200
Sample A8 - acetylated Xjlan-R.palmata (solution in
chloroform) •
0.7 0 0 0-00 0-00
17 50 0-36 0-28
24 10 0-30 1-00
74 35 1-86 2-42
97 25 2-82 2-63
113 45 2.66 3-06
137 45 3-12 3-37
161 45 3-54 3-76
185 45 3-13 4-02 ■
Mn = 62,100
The molecular weights of samples A9--All were
determined by osmotic pressure measurements carried out
with chloroform solutions of the polysaccharides. The
- 104 -
Gilbert, Graff-Baker, Greenwood osmometer was used for
all three sets of measurements. No density corrections
were applied to the observed osmotic pressures in view
of the relatively large osmotic pressures which were
developed. The results are given in Table 17 and Fig.^.8,
Table 17.
Concentration Osmotic Pressure x







The equation of the graph of X againstc c, as
calculated bj the method of least squares wasi:
X = 11-65C
c
+ 5-45, whence Iin = 31,000
Sample A10 - methylated x^lan-oak heart wood.
Concentration Osmotic Pressure X










The equation of the graph of "jr" against c, as
calculated by the method of least squares was:










Curve. I. Sample ft 9
Curve 2. Sample AiO







Sample All - reduced and methylated xylan-oak heart woocC
Concentration Osmotic Pressure %_









The equation of the graph of JL against
c
c, as
calculated by the method of least squares was:
JL = 6»05c + 10*02, whence Mn = 16,800.
c
DISCUSSION
Table 18 summarizes the results of the molecular
weight determinations. The results of chemical end-
group assay (E.G.A.) are also shown in the instances



















Molecular Weight Determinations on Hemicelluloses.
Sample Source Deri-a Sol- Method*3 M_ D.P. E.G.A.
vative vent
Al Barley straw M G6H6 I 3,600 23
A2 Oat straw M I 14,700 92 45
A3 Esparto straw M C6H6 I 5,800 36 40
A6 Wheat straw M C$H6 I 12,000 75 50
Wheat straw M I 8,000 50 40-45
A5 Barley husks M CgHg I 10,500 66
A4 Spruce M CHCI3 O.P. 16,900 106 100
A9 Beech holo- A CHCI3 O.P. 31,000 195 200
cellulose
Beech M CgHfi I 11,000 68 70
A10 Oak heartwood M GHCI3 O.P. 19,000 119 100
All Oak heartwood M CHCI3 O.P. 16,800 105 100
A7 R.palmata M C6H6 I 13,200 83 20
a8 ^.palmata A C«C15 I 62,100 390
a, M = methylated; A = acetate;
B, I = isothermal distillation; O.P. = osmotic pressure
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The first group of xylans included several from
different types of straw. The barley straw xylan (Al)
is unusual in that it possesses a relatively short unit
chain-length. Although full details of chemical struc¬
ture are not yet available it would appear to be a short
linear xylan.
97
The oat straw x,ylan (A2) has been isolated with
cold aqueous sodium hydroxide ffom delignified tissue.
Fractionation via the copper-complex yielded a product
containing only a trace (3f°) of arabinose and uronic acid
Methylation and hydrolysis showed that the length of the
main chain was 45 xylose residues, whilst side-chains
carrying the arabinose and uronic acid residues were als
present. On purely chemical evidence, branching of the
- 107 -
main xylose chain cannot be distinguished, but the mole¬
cular weight shows that the molecule must exist as a
singly-branched structure.
A similar structure had been proposed for the esparto
x 64
straw xylan (A3), which had been isolated free from
arabinose by several reprecipitations as the copper-complex,
However, the molecular weight (i.e. U7F. = 36) in con¬
junction with the end-group assay of 40 shows the xylan
is a linear molecule.
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The wheat straw xylan (A6) had been isolated by
the direct extraction of the straw with alkali. The
final product contained some arabinose and a trace of
uronic acid residues. The end-group assay value of 50
compared with the DTP. of 75 suggests that whilst most o
the xylan chains are linear, some at least must be
branched. This is in contrast to another sample of
wheat straw xylan,^ which had been previously examined
and shown to possess a short linear structure of 50
xylose residues.
The xylan from barley hu3ks (A5)"^^ had been isolated
1by direct extraction of the husks with alkali. Ohemica
evidence suggests that the molecule consists of a main
xylan chain with side-chains carrying uronic and arabinose
units, but detailed results are not yet available.
Straw xylans would appear in the main, therefore, to
consist of relatively short linear chains of xylose
residues with arabinose and uronic acid residues attache
to this main chain. In some instances, branched mole-
- 108 -
cules must also be present.
Several wood xylans were examined. The Norwegian
spruce x.y lan (A4)101 was unusual in that no polysaccharide
wn
was extracted from the sawdust unless delignification
had been carried out. The delignifxed sawdust yielded,
however, on extraction with cold alkali, a complex system
of polysaccharides from which a xylan-rich fraction was
obtained by copper-complexing. The xylan product also
contained some uronic acid residues. Comparison of the
methylation and hydrolysis results with the molecular
weight suggests that a probable structure for the spruce
xylan is a molecule of about 100 sugar residues with a
main-chain of xylose units and single glucuronic acid
residues attached to the chain by the extent of approxi¬
mately 1 acid residue per 5 xylose units.
10?
The beech hoiocellulose (A9) sample had been sho
to yield an exceptionally small amount of end-group on
methylation and hydrolysis, and to possess, therefore, a
very high molecular weight. However, the acetate in
chloroform solution gave osmotic pressure results, which
were consistent with a much smaller D.P. i.e. about 200.
This structure is, however, still much larger than that
of the previously examined hemicellulose A1^ of beechwo
a molecule which had been shown to consist of a straigh
chain of about 70 xylose residues.
The oak heartwood xy lan (A10 and All)"^"*"' had
been isolated by alkaline extraction followed by purifi-|





process was required. The xylan product contained 12$
of uronic acid. Methylation and hydrolysis of sample
(A10) gave a surprisingly low yield of end-group (0-2$)
and a high yield of monomethyl xylo$fc(4$). Since the
latter might well have arisen from a branch-point or
hydrolysis of the aldobiuronic acid, the material had
been reduced with lithium borohydride in tetrahydrofuran
(to reduce the -G00H groups, and so prevent monomethyl
xylose arising, on hydrolysis), and this remethylated.
The molecular weight of this reduced and remethylated
product was found by osmotic pressure measurements to
be 16,800 i.e. D.P. about 100. Since the original
material had a D.P. of 115 (molecular weight = 19,000),
there would appear to be little if any decrease in
,
chain length during reduction and remethylation of the
xylan. On the basis of these results, it appears that
oakheartwood xylan consists of a main chain of about 100
'
xylose units to which glucuronic acid residues are
attached; there being 1 acid residue per 10 xylose
units.
The wood xylan samples would again appear to be
essentially linear molecules, whose average length is
greater than that of the straw xylans examined.
The algae x^lan from Khodymenia palmata (A7)
is unusual in that the chemical evidence suggests that
both 1:3- and 1:4-linkages occur. The end-group assay
value of 20 units compared with the D.P. of 83 suggests
a branched structure. Although the D.P. value for the
- 110 -
corresponding acetate (A8) i.e. 400,suggests that drasti
degradation had occurred during the methylation, further
work is necessary in view of the unsatisfactory nature
of chloroform in isothermal distillations.
These results would indicate that the size of the
xylan molecule is relatively small, although further
work is necessary to investigate whether degradation




The polyglucose lichenin is found to the extent of
10$ in lichens, notably in Icelandic moss. The poly¬
saccharide is easily extracted, being soluble in hot
water. Structural studies involving methylation and
hydrolysis,^ and periodate oxidations'^have shown
it to be composed of D-glucose units linked, in the main
by p-1-4 bonds. However, about 30$ of the bonds are
p-1-3, which suggests an irregular chain in the molecule
This irregularity may be manifest in the differences
between this polysaccharide and cellulose (also a (3 1-4
glucosan) viz: the amorphous nature of lichenin and
its ready solubility in hot water.
Few molecular weight determinations have been made
57
on lichenins, but Garter and Record have shown the
- Ill -
osmotic molecular weight of a methylated derivative to
he the same as the molecular weight determined by an end
group assay. Thus they have proposed a linear structure
for the molecule. These results have been confirmed by
Meyer and Giirtler.°^
Isolichenin is another polyglucose occurring in
lichen. It is isolated simultaneously with lichenin,
but since isolichenin is soluble in cold water the two
polysaccharides are readily separable. Isolichenin
gives a blue stain with iodine, which may be indicative
of a structural relationship between this polysaccharide
and starch. Structural investigations on this materia
are very limited and unreliable, because the extraction
procedure probably gives a non-homogeneous poly sacchar i(jl
69
Aspinall, Hirst and Warburton, have reported the
preliminary examination of the alkali soluble polysac¬
charides from reindeer moss. The unfractionated poly¬
saccharides have been subjected to methylation studies
and to periodate oxidation. This work only emphasised
the complexity of the unfractionated alkaline extract.
EXPERIMENTAL.
All the samples mentioned above have been subjected
to molecular weight determinations by isothermal dis¬
tillation in benzene solution (see Table W).
- 112 -
Table
Sample B1 - methylated lichenin-icelandic Bo CO CO •
Concentra¬ Time Change in Change in
tion solution level solvent leve
(g./100ml) (hrs) (mins) (mm.) (mm.)
1-4 0 0 0-00 0-00
18 15 1-69 2-17
19 35 1-78 1-97
21 50 1-57 2-16
39 35 3-27 3-50
Mn = 5,000
Sample B2 - methylated isolichenin-icelandic moss.
0-9 0 0 0-00 0-00
18 50 1-75 1-47
24 50 2-29 1-76
42 20 3-16 2-94
48 5 3-45 3-35
113 40 6-92 6-59
161 . 40 9-12 8-86
Mn = 4,500
Sample 33 - methylated alkali soluble polysaccharide-
reindeer moss.
1-6 0 0 0-00 0-00
6 55 0-01 0-10
24 15 0-32 0-53
31 45 0-51 0-60
48 20 0-98 0-96
54 50 1-18 1-08
72 30 1-59 1.68
96 25 2-21 2-17
173 10 4-18 4-09
Mn = 22,000.
DISCUSSION
The results of the observations on the polysaccharides
from Iceland and Reindeer Mosses are shown in Table 20,
together with the values from previous measurements.
It would appear that the Iceland Moss polysaccharides
- 113 -
which had been examined in this Department had been
extensively degraded - either during extraction or
methylation. The results of other workers indicate
that lichenin is a linear molecule. Since for both the
lichenin and isolichenin samples, the D.P. was less than
the chemical end-group assay value, it is not improbable
that the samples studied were the whole methylated
product, whilst a petroleum ether fractionation had been
carried out before the E.G.A. had been attempted.
The D.P. value for the Reindeer Moss polysaccharide
would suggest that this complex molecule consisted of
approximately 100 sugar residues, and by comparison with
the hypoiodite oxidation result, might be linear.
Further investigations on the molecular size of
these materials are obviously necessary, especially with
regard to the effect of the extraction and esterification
procedures. '
Table 20.
Results for Lichenin and Isolichenin.
Sample
Lichenin M I 5,000
A O.P. 118,000
» M O.P. 10,700
» F C 26,000
Isolichenin M I 4,500
Reindeer Moss M I 22,000
polys ac charide s
»
a: M = methylate; A = acetate; F = free polysaccharide.
F: I = isothermal distillation; O.P. = osmotic pressure;
= colorometric.













Certain brown seaweeds contain a water-soluble
polyglucose-laminarin. Laminarin can be isolated as aijx
insoluble px-ecipitate from the fronds of L.clauatoni
by leaching with acidified water.
Methylation studies show the polysaccharide to be
70
chain of glucose units, linked p-1-3, and about 20
units long. The chain length has been confirmed by a
71
molecular weight determination by Barger's method.
L.digitata gives a laminarin with rather different
properties, in that the polysaccharide is soluble in th^
acid leaching water, and must be precipitated with
ethanol. Apart from this latter laminarin containing
3fucoidin, there are no other structural differences
between it and the laminarin from h.claustoni,^ the
chain length again being 20 units bj end group assay un<ji
isothermal distillation.
71
Apart from the work of Percival and Ross, the onfy
other estimation of the molecular size of the poly-
72
saccharide was made by Cook with an ultracentrifuge.
EXPERIMENTAL
The molecular weights of the various methylated
derivatives of laminarin were determined by isothermal
distillation in benzene (see Table 2l).
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Table 2.\
Sample CI - methylated laminarin.
Concentra¬ Time Change in Change
tion solution level solvent
(g./100ml.) (hrs) (mins) (mm.) (mm.)
1-2 0 0 0-00 0-00
17 25 3-24 3-07
19 25 3-58 3-52
23 45 4.45 4-41
Mn = 1,900.
Sample 02 - methylated lime- treated laminarin.
0.3 0 0 0.00 0.00
1 3 0-00 0-00
16 15 0-59 0-65
40 40 1-79 1.91
64 15 2.91 3-30
90 55 4-10 4-40
Mn = 2,500.
Sample C3 - methylated (petrol-ether precipitated)
laminarin.
0*6 0 0 0-00 0-00
16 5 0-17 0-56
46 50 0-99 1-61
65 5 1-53 2-11
112 5 2-83 3-38
137 35 3-46 4-14
Mn = 11,900 •
Sample C4 - methylated (petrol-ether precipitated"
treated laminarin.
0-3 0 0 0.00 0.00
17 30 0-22 0-09
41 45 0-45 0-21
65 30 0« 66 0.41
91 10 0.89 0« 66
114 45 1.02 0-93
137 40 1-33 0-99
163 5 1-56 1.21
Mn = 13,600.
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Sample C5 - methylated laminaritol.
Concentra¬ Time Change in Change
tion solution level solvent
(g./100ml) (hrs) (mins) (mm.) (mm.)
0-7 0 0 0-00 0-00
15 0 0-99 0-87
22 30 1-51 1-31
37 30 2-64 2-37
Mn = 3,800.
Sample 06 - methylated (petrol ether precipitated)
laminarin.
0 0 0-00 0-00
18 0 0-39 0-14
41 30 0-58 0-41
66 40 1-09 0-42
89 15 1.18 0-91
114 20 1.60 1.12
163 45 2-09 1-75
186 0 2-38 1-97
Mn = 12,100.
DISCUSSION
The results for the laminarin samples, which were
all kindly provided by Dr . A. G. Ross, are shown in
Table 22. The values were all obtained by isothermal
distillation measurements on the methylated derivative
Table 22,m
Results for the Laminarin Samples •
Sample D.P. E.G.A.
l(a} Whole 1,900 9 —
(b) " , fractionation (11,900 58 20
(12,100
2(a) Whole, Ca(0H)2~
treated 2,500 12 -
(b) " " "




The sample of "insoluble" laminarin had been
treated as follows:
1. it was methylated directly to give sample 1(a), and
then fractionated with petroleum ether from chloroform
solution to give sample 1(b) (78$ yield).
2. a further portion had been treated under reflux with
saturated lime-water at 60°G to yield a product: (in 46$
yield)which was unaffected by further lime treatments.
This was methylated (sample 2a), and then fractionated
with petroleum ether to give sample 2(b) in 88$ yield.
3. a further portion had been reduced with lithium
borohydride to yield laminaritol.
The results show that petroleum-ether fractionation
results in the elimination of a considerable portion of
low molecular weight material from the methylated material
and that the fractionated products possess a D.P. much
in excess of the end-group assay values. This is of
considerable importance because it is the first clear
evidence that laminarin is not a simple straight chain
polysaccharide of about 20 glucose units in length.
It is of interest that similar results were obtained
when aqueous solutions of both the unmethylated laminarin
and lime-treated laminarin were examined by Dr. 0. T.
Greenwood in the Spinco electrically-driven ultracentri£uge.
The Schlieren patterns obtained suggested that the
laminarin had a very wide range of molecular weight -
*
| including higher molecular weight material - the sedi¬
mentation constant of the main bulk of material being
- 118 -
0*5 x 10-13 e.g.3. units. Lime-treated laminarin on
the other hand, was more homogeneous and possessed a
larger sedimentation constant (1*0 x 10~*13 c.g.s. units),
Without further chemical evidence, it is difficult
to draw any conclusion regarding the laminarin molecule,
but it is certainly not simple.
- 119 -
4. OTHER SHORT-CHAIN SLJC05ANS.
INTRODUCTION.
7"*
Preece and MacKengie J were the first to prepare a
glucosan from barley grain, which was uncontaminated with
pentosan. The structure of this polysaccharide has been
described as unbranched chains of glucose units, linked
74
in equal proportions 0-1-3 and 0-1-4.
The a-glucosans which were examined were prepared Uy
Aspinall and Fordyce^ from esparto straw, but no
structural data have yet been published. The results ^re
shown in Table 23 btloi*.
EXPERIMENTAL.
Sample D1 - methylated glucosan-barley gum.
Isothermal distillation in benzene solution.
Concentra- Time Change in Change in
tion solution level solvent level
(g./100ml.) (hrs) (mins) (mm.) (mm.)
0 0 0-00 0.00
17 45 0-14 0-32
24 15 0-31 0-41
41 45 0-63 0-81
74 45 1.28 1-44
97 10 1-57 1.83
120 15 2-09 2-28
161 45 3-04 3-06
Mn = 10,100
Sample D2 - acetplated glucosan-esparto straw.
Isothermal distillation in chloroform solution.
0 0 0-00 0.00
1 0 0-43 0.65
2 35 1.29 1.44
3 40 1.71 1-92
4 40 2-10 2.21
5 40 2 .45 2.55
Mn = 2,100.
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Sample D3 - methylated glucosan-esparto straw.
Isothermal distillation in benzene solution.
Concentra¬ Time Change in Change
tion solution level solvent
(g./100ml. ) (hrs) (mins) (mm.) (mm.
2-2 0 0 0-00 0-00
1 0 0-88 0.86
2 30 2-46 2-39
3 30 3*48 3-31
4 30 4-46 4-34
5 30 5-68 5-10
Mn = 800
Sample D4 - methylated glucosan-barley gum.
This sample was studied by osmotic pressure measure
ments, carried out with benzene solutions in the Zimm-
Myerson osmometer. The membranes used were No.600 gel
cellophane - non a.umonia heated (see also page 71). No
density correction was applied in view of the large
pressures involved.
Concentration Osmotic Pressure ZL






The equation of the graph of U"/c against c, as
calculated by the method of least squares, from the
above data was ^r- = -15*57c + 10*83, whence Mn = 26,400.
DISCUSSION.
Table 24 shows the results of the investigations.
The barley glucosan was unusual in that the methylated
product gave no tetramethyl glucose on hydrolysis. In
- 121 -
view of the value of the D.P. (i.e. about 125 residues),
and by comparison with the results for other water-
soluble polysaccharides, a linear structure was suggested.
The glucosan from esparto grass had been extracted
by aqueous leaching and fractionated via the copper
complex. It had also been subjected to mild oxalic acic
hydrolysis to remove arabinose, and might therefore have
been degraded. The results indicate the material to be
a short linear molecule.
Table 24.
Results for Other' Glucosans.
Sample Derivative8, Method13 M.Wt. D.P. E.G.A
Barley gum (whole) M I 10,700 52 -
" "(fraction- M O.P. 26,400 125 150
ated)
Esparto glucosan M I 800 4 4
" » A 12,100 7
a, M = methylate; A = acetate:





STUDIES ON THE COMPONSNTS OF STARCH.
INTRODUCTION
Starch i3 the most widely distributed food reserve
carbohydrate in Nature. In the storage organs of plants
the starch is laid down as characteristic granules, the
76
size and shape of the granules being unique to the source.
Because of the importance of starch it has been extensively
investigated by organic and biochemical methods, and as
a result the main structural features, and the highly
polymeric nature of the material are well established.
Thus it is now well known that starch consists of long
chains of D-glucopyranose units, linked in the main by
a-1:4-bonds.
Many problems regarding the fine structure and the
molecular size and shape of starch are still unsolved.
77
It was in 1941 that Schoch achieved the first quantitative
separation of starch into two components, though the
apparent inhomogeniety of starch had been indicated by
78t82
the results of earlier workers. Although starches
can now usually be fractionated into amylose and amylo-
pectin, the nature of the association of the molecular
species in the starch granule is still by no means
understood. As found in plant tissue the starch granules
are surrounded by a thin layer of protein, but the nature
of the synthesis and deposition of the starch in the
granule, and the physical structure of the granule are
still in the realms of speculation.
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The two fractionated products of starch have, how¬
ever, heen studied, and it has been shown that while
amylose is a mixture of essentially linear chains,
amylopectin is a mixture of highly branched molecules.
The fractionation of starch has been achieved by,
(1) electrophoretic separation of the charged amylopectin
component in solution, (2) preferential precipitation of
the amylose component from solution as a complex with a
polar organic molecule, (3) preferential aqueous leaching
of the amy lose component from the granule.
The electrophoretic method does not give an efficient
fractionation, and hence it has not been used to any
77
great extent.
The first quantitative separation of the components
was made by forming the complex of amy lose with n-butanol.
This complex can be removed from the solution by high¬
speed centrifugation. Since the introduction of this
method, many other reagents have been satisfactorily
used to form insoluble complexes with amylose. The
conditions necessary to achieve the maximum efficiency
of fractionation, with the minimum inadvertent degradation
8
of the labile amy lose component have been discussed.
This method is generally thought to be the most satisfactory.
77
Although Schoch has claimed that aqueous leaching
of the amylose component is unsatisfactory recent work
suggests that the method is of value in giving a high
84
yield of undegraded amylose.
In the work to be described in this section the
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problems which have been tackled are (1) the nature of
the granular structure oi potato starch, and (2) estima¬
tions of the size of the components obtained by differer.
fractionation procedures from different starches. This
work was carried out in collaboration with Mr. J. M. G.
Cowie.
i. THa NATURE OF THE GRANULAR STRUCTURE.
In an effort to establish the nature of the outer
"membrane" of starch granules, the action of dilute
hydrochloric acid on the whole granules was examined.
The effect of acid treatment on starch granules is not
85
well established. Bauer and Pacsu have utilized the
degradative effect of hot acid on the granules to permit
fractionation to be carried out at very high concentrations
(IO5S). The resultant starch components were, however,
86
highly degraded. Kerr claims that acid treatment
results in the preferential degradation of the amylopectin
while amylose is relatively untouched. This might be
explained on the basis of there being an outer "membrane"
of amylopectin surrounding an inner core of amylose.
On the other hand, Meyer and Menzi^ claim that both
components are degraded simultaneously, and that, con¬
sequently, ajaylose and amylopectin occur as "mixed
crystals" in the granule.
The effect of the treatment of potato starch granules
with 0*2N HC1 at 40-k5°C was followed by the subsequent
fractionation of the components, and the determination
- 125 -
of the molecular weights of their acetylated dei'ivatives.
In a further series of experiments, potato starch
granules were leached successively with water at 40, 70
and 9©°0. The resultant products from this were
precipitated from solution with butanol, purified by
reprecipitation, and the size of the acetylated
derivatives determined.
EXPERIMENTAL AND DETAILED RESULTS.
Preparation of Acid-Treated Starches.
A 2^ suspension of potato starch (var. "Redskin")
in 0*20N HC1 was slowly stirred at 40-45°C in a nitrogen
atmosphere. Portions were withdrawn after 1, 2, 3 and
4 hours respectively, e^ch being washed free from acid
by repeated sedimentation in distilled water, and finally
shaken overnight in methanol.
The four samples were then fractionated by dispersion
in boiling water (500 ml.) for lfc hour with stirring
under nitrogen. After cooling to 60°0, thymol (0*5 g.]
was added. The mixture was allowed to stand for 3 days
at room temperature, and then the resultant thymol-amylpse
v
complex was removed on the centrifuge. The supernatant
amylopectin solutions were freeze-dried. The amylose-
complexes were then purified by reprecipitating twice as
the n-butanol complex.
The final amylose and amylopectin products were
then characterized by measuring their iodine binding
powers using the method described by Anderson and
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Greenwood.^ They were then acetylated with acetic
anhydride in the presence of pyridine as a catalyst for
amylose^ and formamide for amy lopectin.
Preparation of Aqueous-Leached Starches.
A 0- 5/« suspension of potato starch (var. "Redskin";
in water was heated with slow stirring under nitrogen
for 1 hour at 40-45°0. After centrifugation, the
granules were re-extracted at 50-55*0, and then at 70-
o o
72 G. Amylose was precipitated from the 70 C-extract
!
by the addition of n—butanol and was then recrystallised
to give amylose (A70). The residual material was
fractionated using thymol as a precipitant (as above),
following by three re-crystallizations with butanol to
give amylose (A98). The two amyloses were then
acetylated.
Viscosity Measurements.
The viscosity of the amyloses (samples 1-4) and
amylopectins (samples 1-4) from the acid-treated starch
were measured in 1M KOH solution, and the corresponding
acetates in chloroform solution. These results are
shown in FigsJ-9 and 20.
Osmotic Pressure Measurements.
These were carried out on the acetylated derivatives
in chloroform solution using the Gilbert-Graff Baker-
■
Greenwood and the new osmometer. (See Table 25 and
Pigs. 21 and 22).
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FIG. 19
Vii.cos.ihy of AmVLOSES in IM KOH
-O 3kr.
Viscosity of flMUOPECT/NS in I ft KQtf.














Acetylated Amylose 1 Acetylated Amplose 2
c (g/lOOml.) 7T(cms.) TI/c c (g/lOOml.) 7T (cms.) TT/c
0-485 0-403 0-83 0-502 0-497 0-99
0-326 0-223 0- 68 0-300 0-284 0-95
0 — 0-36 0-196 0-128 0-65
0 — 0-42
Mn = 470,000 Mn =400 ,000
Acetylated Amylose 3 Acetylated Amylose 4
0-679 0-873 1-29 0-453 0-471 1-04
0-476 0-511 1-07 0-315 0-313 0-99
0-358 0-407 1-14 0-255 0-202 0-79
0-175 0-134 0-77 0-160 0-121 0-76
0 - 0-56 0-132 0-097 0-73
0 0-60
Mn = 302,000 Mn = 286 ,000
Amylopectin Acetate 1 Amylopectin Acetate 3
c "IT TT/c c IT TT/c
0-549 0-169 0-31 0-489 0-188 0-24
0-380 0-094 0-25 0-231 0- 048 0-21
0-297 0-060 0-20 0 — 0-17
0-235 0-050 0-21
0 - 0-15
Mn = 1*1 x 10
Amylose A70 Acetate



































The effect of the acid treatment on the iodine
binding power of the starch samples is shown in Fig.23,
a decrease in the apparent percentage of amylose and an
- 132 -
 
increase in slope of the linear portion of the iodine
binding carve occurs. The exact significance of the
slope of the linear portion of this curve is not known
QQ
with certainty, but it may indicate the presence of
short linear amylose chains. This result differs from
ft 7
that of Meyer and Menzi. These authors found that a
similar acid treatment did not affect the iodine binding]
power; but this can only indicate that their apparatus
was insufficiently sensitive to detect such differences
as have been found here. (A similar affect has been foundj
for other starches examined by Mr. A. Arbuckle).
Table 26 summarises the data obtained from measure¬
ments on the fractionation products from the acid treate
starches. It is apparent that the amylose component
has been preferentially degraded whilst the amylopectin
h&s remained virtually unchanged.
Table 26











(The size of the amylose component refers to that material
which can be precipitated with butanol; any degraded
- 134 -
Component Time of acid c«?i Mn%.
treatment 1M KOH Acetate
(hr.) in CHCI3
Amylose 0 5.00 6-80 1,111,000
Amylose 1 2.10 3-75 470,000
II 2 1-90 3-35 400,000
If 3 1-40 2.90 302,000
H 4 1-30 2-70 286,000
Amylopectin 1 1-10 2.20 1,100,000
II 2 1.15 2-00 —
•1 3 1-08 2-20 1,000,000
II 4 1-15 2-05 -
-Ii5-
linear material would be lost during the working up
procedure). As shown in Fig.24, the decrease in molecular
size of the amy lose approaches a limiting value after
about four hours' treatment, but the number of bonds
broken per initial amy lose molecule (i.e. about three) is
not very great.
It is apparent therefore that the acid treatment has
not caused either preferential degradation of the amylo-
pectin (see ref. 86), or simultaneous degradation of both
components (see ref. 87); rather would it appear to
cause preferential hydrolysis of the amylose. This is
supported by the results of the potentiometric iodine
titration curves on the whole starches.
The irregular variation in slope of the amylopectin
viscosity curves for the free component was reproducible
but no explanation can be advanced for this.
86
In view of the fact that Kerr characterised his
materials in terms of the "fluidity" of the degraded
starch samples, it is difficult to compare the propertie
of his products with those obtained here. However, the
reported preferential degradation of the amylopectin and
stability of amylose to acid-treatment was not found.
These results also differ completely from those of
8T
syer and Menzi. The molecular weights quoted by th<
authors were entirely dependent on measurements of
91
reducing powers,and it has been conclusively shown
that such methods are unsatisfactory for high molecular
se
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weight materials, and hence the absolute values given by
Meyer and Menzi are not likely to be correct.
The attack of acid on the granule is not uniform;
a result which is not surprising in view of the high
degree of organisation of the granule. The results do
not support Meyer and Menzi•s idea of "mixed crystals of
amylose and amylopectin," nor do they indicate a pre¬
ferential attack on the amylopectin as might be expected
if the outer layers of the granule were composed of this
component. The action of acid must be complex.
The results of determinations of the molecular size
of the aqueous leached products is shown below.
Sample Temp, of [n] in 1M [0] of Mn DTP.
Extraction KOH acetate
(8Cj in CHCI3
A70 70 2-40 5-10 495,000 1,700
A98 98 - 7-80 1,500,000 5,200
It would appear that as the extraction temperature
is increased so the D7i?. of the amylose product increases
I At 40°G, the amount extracted was too small for examina¬
tion, at 70°C relatively short chain amylose is leached,
whilst the remaining amylose obtained by a conventional
98°0 dispersion has a higher than usual D.P. The
granular structure would therefore appear to be such
that on swelling in water relatively small amylose mole-*
cules are able to diffuse out from the internal structure;
a fact which is substantiated by microscopic examination..
If amylose is so readily leached from the granule, perhaps
- 137 -
it is not surprising that on treatment with acid this
component is preferentially attacked.
Further work on these problems is obviously necessary
before the mode of attack of acid on the intact granule
can be unambiguously described, and before more evidence
for granular structure can be obtained.
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2_j_ THE SIZE OF THE FRACTIONATED STARCH COMPONENTS.
INTRODUCTION
In view of the recent investigation of aqueous
O yi
leaching as a method of fractionation of starch, and
88 89
because of Meyer's ' claims that leaching has separated
potato and maize amyloses into two fractions of greatly
differing dTp. it was of interest to compare the products
of fractionation by leaching at 95°C for 10 minutes, and
of fractionation by the conventional thymol and butanol
complex formation. Also considered was the effect of
Meyer's and other fractionation procedures on potato statch.
Molecular weight data were found for the acetylated
components from potato and rubber seed starches, in order
to compare the values with others reported in the literature.
Detailed Results and Experimental.
Fractionation Experiments on Potato Starch.
a) Aqueous Leaching (as described by Baum and Gilbert^.
Potato starch (var. Redskin, 10 g.) was treated for
7»5 mins. with O-lfi NaCl solution (2*5 1.) at 98°C in a
nitrogen atmosphere. The swollen granules were then
removed on the Sharpies supercentrifuge, washed three
time3 with distilled water and re-extracted for 7*5 min4.
at 98°0. The amylose in the supernatant liquor was
precipitated in the presence of butanol. Purification
was achieved by reprecipitating three more times to yield
amylose (H). The product was acetylated.
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b) Successive Aqueous Leaching (as described by Meyer).
This has been described in the previous section (p.111).
c) Thymol-and Butanol-Fractionation.
Potato starch (var. Redskin, 15 g.) was dispersed
with vigorous stirring under nitrogen in 0-lfa NaCl solu¬
tion (3 1.) at 98°G. Heating was continued for 2 hrs.
I after which the solution was allowed to cool to 60°G anc.
thymol (5 g.) added. After standing at room temperature
for 3 days, the thymol-amylose complex was removed on the
centrifuge and purified by three reprecipitations as the
butanol complex to give amy lose (J).
Amylose (K) was prepared similarly except that the
time of dispersion at 98°C was altered to 1 hr.
Both amyloses were then acetylated.
Viscosity Measurements.
Results of viscosity determinations of the free
amyloses in 1M KOH and the acetylated derivatives in
CHCl^ solution are shown in Fig.25.
Osmotic Pressure Measurements.
Results are shown in Table 27 and Fig.22.
Table 27
Amylose H Amylose J Amylose K
c 1T T/c c ir U/c c IT TT/c
0-365 0-234 0-64 0-537 0-453 0-84 0-548 0-470 0-86
0-343 0-196 0-57 0-353 0-225 0-64 0-432 0-300 0-69
0-288 0-153 0-53 0-222 0-106 0-47 0-309 0-173 0-56
0-265 0-141 0-53 0-218 0-095 0-44 0-234 0-102 0-44
0-209 0-094 0-45 0 - 0-19 0-151 0-052 0-34
0 - 0-25 0 - 0-15
Mn = 670,000 Mn = 888,000 Mn = 1,110,000
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Measurements on Another Sample of Potato Am,/lose.
This sample had been provided by the courtesy of
Dr. G. A. Gilbert and had been fractionated using butanol
as a precipitant under a nitrogen atmosphere. The































































































Measurements on AmyloBe and Amylopectin from rubber seed
starch.
These results are shown in Table 29 and Fig.27.
Table 29
Acetylated amy lope ctin.






















The limiting value of -3- as c-*o was found by
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against o to be 0*097, whence Mn = 1,800,000.
The density of a Ifo solution of the sample in
chloroform was 1*4885 g./ml. Prom thi3 result the
correction applied to the observed osmotic pressure was
calculated. A most important correction due to the
small osmotic pressures.
Acetylated Amy lose
Concentration Corrected: Osmotic Pressure T_









The limiting value of as c-»o was found by
extrapolation to zero concentration of the graph of
against c to be 0*380 whence Mn = 440,000
The density of a lf0 solution of the sample in
chloroform was 1-4819 g./ml. Prom this result the
correction applied to the observed osmotic pressure was
again calculated.
DISCUSSION
The results for the size of the amylose fractions
obtained by various fractionation procedures from potato
starch are shown in Table 30. It is apparent that the
84 ,
aqueous leaching procedure of Gilbert and Baum leads
to a product (amylose H) having a considerably smaller
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D.P. than that obtained by the conventional fractionation
techniques (amyloses J and K). The product is in fact,
little different from that obtained by aqueous leaching
at 70°C (A70).
When the sizes of the products from the conventional
fractionation procedures are compared, it can be seen
Table 30
The Size of Amy loses from Various Fractionation Procedures.
Sample Fractionation Procedure [?] [7] of




495,000 1,700A70 Leaching at 70 C
A98 Conventional fractionation
after A70
H Aqueous leaching at 98°C 2.80 5«20
J Conventional fractionation:
2 hr. dispersion 4*60 6-40 888,000
K Conventional fractionation:





that even in a nitrogen atmosphere the amylose product
is labile to a limited extent, and that no advantage is
gained by increasing the length of time of dispersion of
the starch.
The importance of a nitrogen atmosphere for avoiding
inadvertent oxidative degradation during fractionation is
illustrated in Table 31 where the D.P. of the samples
prepared under strictly oxygen-free conditions are




Molecular V eights of Acetylated Potato Amyloses.
Sample M.Yvt.Method* Solvent M.Wt. dTp. Ref
K O.P. CHCl-3 888,000 3,100
J O.P. CHCl^ 1,110,000 3,870
C-ilbert O.P. CHCl^ 1,100,000 3,800
O.P. C2H5NO2 326,000 1,130 92
O.P. CHCI3 260,000 930 93
S.& D. MeOAc 69,000 240 94
O.P. CHCI3 245,000 850 95
* O.P. = osmotic pressure; S.& D. = sedimentation and
diffusion.
The other samples studied have obviously been degraded,
and the DTp. of undegraded potato amylose would appear
to be of the order of 4000 glucose residues.
The difference between the dTp. of A70 and A98 is
89
of the same order as that found previously by Meyer, ■7
and suggests that there may well be two distinct molecular
weight species of amylose in potato starch.
Measurement of the DTP. of a sample of amylose
prepared from rubber seeds by Greenwood and Robertson®^
showed it to possess a DTP. of about 1500 residues. It
was therefore rather smaller than potato amylose. The
corresponding amylopectin had a molecular weight of
1,800,000 i.e. a 57P. of 6000. This value in conjunction
with the average length of unit chain of 23 glucose
residues,showed that the amylopectin had a highly
branched structure (ca. 260 branches/molecule).
In the case of the amylose samples, the relationship
2
P.P. = 7*4 x 10 x [p], where [p] is the limiting
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viscosity number of the free component in alkali was
found when values of ] are plotted against the D.P. of
the corresponding acetate (derived from osmotic pressure
measurements). (See Fig.28). A similar relationship
holds for rubber seed amy lose.
- 148 -
-60 FIG. 28. —
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Methods of investigating the size of polysaccharide
molecules have been studied. Isothermal distillation
has been shown to be suitable for molecular weights of
less than 20,000, and for such materials it provides an
easy routine method. A new design of ebulliometer for
this low molecular weight range has also been evolved.
The method of osmometry has been studied in detail.
Several types of instrument have been developed. Mole¬
cular weights in the range of 20,000-2,000,000 have been
determined using this method. Viscosity measurements
have been used to provide a convenient method for
characterizing the high molecular weight polysaccharides
studied.
These physical methods have been applied to several
problems. Inulin in Dahlia tubers has been subjected to
a graded series of aqueous extractions, and the properties
of the resultant fractions examined. The molecular
weights of a series of xylans, lichenins, laminarins,
and other glucosan samples have been determined by iso¬
thermal distillation and osmometry. From these data
and by comparison with the results of chemical end-group
assay, the molecular' structure of these polysaccharides
has been determined.
Some fundamental problems in starch chemistry have
been tackled. These include the nature of the granulatf
structure of potato starch and estimations of the size
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of the components obtained by different fractionation
procedures.
The action of acid on potato starch has been studied
by fractionating the acid-treated sauries and measuring
the molecular weights of the components. A preferential
degradation of amylose was found, whilst the amylopectin
was relatively unaffected. The significance of this
with regard to the granular structure is discussed.
Several methods involving aqueous leaching as a means of
fractionating potato starch have been studied, and shown
to involve a molecular weight fractionation of the amylose
present. The importance of fractionating under oxygen-
free conditions has been demonstrated, and potato starch
amylose is shown to possess a dTp. of about 4,000 glucose
units. For potato amylose, the relationship
dTp. = 7*4 x 10^. x [^] (where [ip] is the limiting
viscosity number of the free component in 3M potassium
kiydroxide) has been found. Investigations of rubber seed




1) E. 0. Kraemer: Ind. Eng. Ghem., ^0, 1200, (1938).
. D. Lansing and E. 0. Kraener: J. Amer. Chem.
Soc., 57, 1369, (1935).
2) J, £. Puddington: Canad. J. Cheai. , ^3, 447, (1955).
3) H. Fleming and C. T. Greenwood: Private communication.
4) G. Barger: Proc. Chem. Soc., 1£, 121, (1903);
J. Chea. Soc., 85, 286, (1904).
5) J. 3. Niederl and A. 35. Levy; Science, 92, 225, (1^40);
J. 9. Niederl and D. R. Kosanof: Science, 100, 228,
(1944); J. 3. Niederl, D. R. Kosanof, G. K. Kish
and D. Subba Rao: I.likrochim. Acta, 132, (1949).
6) G. V. Caesar, N. S. Gruenhut and M. L. Cushing: J.
Anier. Chem. Soc., 69, 617, (1947).
7) v.. R. Boasfield: Trans. Faraday Soc., 401, (191.8);
V,. R. Bousfield and C. E. Boasfieid: Proc. Roy. S09.,
A103, 429, (1923).
8) S. Clae33on: Arkiv. Kemi., jL, 81, (1949).
9) K. Schwarz: Monatah., 53/54, 926, (1933).
10) R. Signer: Annalen, 478, 246, (1930).
11) G. Gee: Trans. Farada^ Soc., yl6, 1162, (1940).
12) E. P. Clark: Analyt. Chem., 1^, 820, (1941).
13) L. A, White and R. T. Morris: Analyt. Chem., 24,
1063, (1952).
14) C. E. Childs: Analyt. Chem., 26, 1963, (1954).
15) R. L. Parette: J. Polymer Sci., 15, 447, (1955).
16) A. v.eissberger: Physical Methods of Organic


















R. W. Kerr: "Chemistry and Industry of Starch"
2nd Ed., Academic Press, N.Y., (1950).
E. Ott and H. J. Spurlin: "High Polymers," Vol.V
part III, Cellulose and Cellulose Derivatives,
Interscience Publishers, N.Y., (1955).
C. T. Greenwood: "Advances in Carbohydrate Chemisl
Vol.7, 239, (1952).
R. H. Fuoss and D. J. Mead: J. Phy3. Chem., 47, 6$,
(1943).
3. H. Zlrm and I. Emerson: J. Amer. Chem. Soc.,
68, 911, (1946).
J. V. Stabin and E. H. I.mmergut: J. Polymer Sci.,
1£» 209, (1954).
G. A. Gilbert, C. Graff-3aker and C. T. Greenwood:
J. Polymer Sci., 6, 585, (1951).
N. Gra3sie: J. Polymer Sci., (>, 643, (1951).
M. Traub3: Arch. Anat. Physiol., 86, (I8b7).
F. Tinker: Proc. Ro.,. Soc. (Lond.), A92, 357, (191
F. Tinker: Proc. Roy. Soc. (Lond.), A9£, 268, (1917).
J. C. 3urgher: J. Gen. Physiol., 37, 431, (1953).
J. Mathieu: Ann. Physik., 340, (1902).
A. Y.eissbarger: Physical ".ethods of Organic Chemistry,
Vol.1, 500, (1949).
S. L. Bigelow and C. S. Robinson: J. Phys. Chem.,
22, 99, 153, (1918).
E. H. Immergut, 3. G. R&rriy and H. F. Mark: Ind.
Eng. Chem., £5, 2483, (1953).
6).
- 153 -
C. R. Masson, R. F. Menzies, J. Cruikshanks and
H. W. Melville: Nature, 157, 74, (1946).
C. R. Masson and H. W. Melville: J. Polymer Sci.,
4, 323, (1949).
H. T. Hookway and R. Townsend: J. Chem. Soc., 319C
(1952).
P. J. Flory: J. Araer. Chem. Soc., 65, 372, (1943).
J. W. McSain: "Sorption of Gases by Solids,"
London (1932).
G. F. Hennion: Analyt. Chem., 9, 479, (1937).
G. R. Robertson: Analyt. Chem., _11, 464, (1939).
M. R. Lipkin, J. A. Davison, W. T. Harvey and S. S.
Kurtz: Analyt. Chem., 16, 55, (1944).
D. Cleverdon, D. Laker and P. G. Smith: J. Polymer
Sci., 11, 225, (1953).
Yi• N. Broatch and C. T. Greenwood: J. Polymer Sci.
14, 593, (1954).
A. J. Staverman: Rec. Trav. Chim., 70, 344, (1951)
H. J. Phillipp and C. F. Bjork: J. Polymer Sci.,
6, 383, (1951).
Z. Men££k: J. Polymer Sci., 18, 424, (1955).
H. Staudinger: "Die Hochmolekularen Organischen
Verbindungen," J. Springer, Berlin, 1932.
H. Mark: "Der Feste Korper," Hirzel, Leipzig, 1938
R. Houwink: J. Prakt. Chem., 155, 241, (1940).
L. Ubbelohde: Analyt. Chem., 9, 85, (1937).





















F. G. Cottrell: J. Amer. Chem. Soe.# 41, 721, (1919).
N. H. Ray: Trans. Faraday Soc., £8, 809, (1952).
W. P. Whyte: J. Amer. Chem. Soc., 3£, 2292, (1914).
M. Adams, N. K, Richtmyer and C. S. Hudson; J. Amer.
Ohem. Soc., 6j>, 1369, (1943).
E. L. Hirst, D. J. McGilvray and E. G. V. Percival;
J. Chem. Soc., 1297, (1950).
D. J. Bell and A. Palmer; J. Chem. Soc., 3763, (1952).
J. S. D. Bacon and J. Edelman; Biochem. J., 48, 114,
(1951); 49, 446, 529, (1951).
G. 0. Aspinall and R. G. J. Teller; J. Chem. Soc.,
1106, (1955).
W. N. Haworth and H. R. L. Streight; Helv. Chim. Acita,
15, 609, (1932).




M. Venaka; Sci. Papers Osaka Univ., No.23, 1, (1951).
H. H. Schlabach, I. Huchting and H. Muller; Annalen,
577, 47, (1952).
M. Somogyi; J. Biol. Chem., 160, 61, (1945).
E. P. Clark; Analyt. Chem., 8^ 487, (1936); 9, 53$,
(1937).
R. L. Whistler; Adv. Carbohydrate Che#., J5, 269, (3-950).
E. Husemann; Naturwiss., 27, 595, (1939); J- prakt.
Chem., 155, 13, (1940).
S. K. Chanda, E. L. Hirst, J. K. N. Jones and E. Gi V.
Percival; J. Chem. Soc., 1289, (1950).
P. Karrer and K. Nishida; Helv. Chim. Acta, 7, 363, (1924)
- 155 -
66) K. H. Meyer and P. Gilrtler, Helv. Chim. Acta, 30.
751, (1947).
67) R. A. Boissonas, Helv. Chim. Acta, 30, 1703, (1947)
68) K. H. Meyer and P. Gurtler, Helv. Chim. Acta, 30,
761, (1947).
69) G. 0. Aspinall, E. L. Hirst and M. Warburton, J.
Chem. Soc., 651, (1955).
70) V. C. Barry, J. Chem. Soc., 578, (1942); J. J. Cornell,
E. L. Hirst and E. G. V. Percival, ibid., 720, (1951).
71) E. G. V. Percival and A. G. Ross, J. Chem. Soc., 720,
(1951).
72) M. H. G. Friedlander, W. H. Cook and W. G. Martin,
Biochim. Biophys. Acta, 14, 136, (1954).
73) I. A. Preece and K. G. MacKenzie, J. Inst. Brewing^
58, 353, (1952).
74) G. 0. Aspinall and R. G. J. Telfer, J. Chem. Soc.,
3519, (1954).
75) G. 0. Aspinall and B. Fordyce, unpublished work.
76) E. T. Reichert, "The Differentiation and Specificity
of Starches in relation to Genera, Species, etc.,"
Carnegie Inst. Wash. Publ. No. 173, Parts 1 and 2 (1913).
77) For review see: T. J. Schoch, Adv. Carbohydrate
Chem., 1, 247, (1945).
78) Z. Gatin-Gruzewska, Compt. rend., 146, 540, (1908)
152, 785, (1911).
79) C. Tranet, Bull. soc. chim., 17, 83, (1915).
80) A. R. Ling and D. R. Nanji, J. Chem. Soc., 123,
2666, (1923).
- 156 -
81) M. E. Baldwin, J. Amer. Chem. Soc., 52, 2907, (1930)
82) H. C. Sherman, and J. G. Baker, J. Amer. Chem. Soc.
38, 1885, (1916).
83) C. T. Greenwood and J. S. M. Robertson, J. Chem.
Soc., 3769, (1954).
84) G. A. Gilbert and H. Baum, Chem. and Ind., 490, (1954)
85) A. *V. Bauer and E. Pacsu, Textile Ees. J., _23, 860
(1953).
86) R. W. Kerr, Die Starke, 4, 39, (1952).
87) K. H. Meyer and R. Menzi, Helv. Chim. Acta, 36, 702
(1953).
88) K. H. Meyer and P. Rathgeb, Helv. Chim. Acta, 31,
1533, (1948).
89) K. H. Meyer, P. Bernfeld, R. A. Boissonas, P. Giirtler
and G. Noetling, J. Phys. and Coll. Chem., 5J,, 319.
(1949).
90) D. M. W. Anderson and C. T. Greenwood, J. Chem. Soc.
3016, (1955).
91) S. Lansky, M. Kooi and T. J. Schoch, J. Amer. Chem.
Soc., 71, 4066 (1949).
92) R. S. Hig&inbotham, Shirley Inst. Mem., 24., 221 (1^50)
93) A. L. Potter and W. Z. Hassid, J. Amer. Chem. Soc.,
70, 3774 (1948).
94) B. A. Dombrow and C. 0. Beckmann, J. Phys. & Coll.
Chem., 51, 107 (1947).
95) R. W. Kerr and F. C. Cleveland, J. Amer. Chem. Soc,
74, 4036 (1951).
96) G. 0. Aspinall, unpublished work.
~ 157 -
97) G. 0. Aspinall and K. G. 3. Wilkie, J. Chem. Soc.,
1072 (1956).
98) G. 0. Aspinall and E. G. Meek, unpublished work.
99) G. 0. Aspinall and R. S. Mahomed, J. Chem. Soc.,
1731 (1954).
100) G. 0. Aspinall and S. J. Ferrier, unpublished work.
101) G. 0. Aspinall and M. Garter, unpublished work.
102) Sample provided by Dr. A. Sharpies.
103) G. 0. Aspinall, E. L. Hirst and R. S. Mahomed,
J. Chem. Soc., 1734 (1954).
104) G. 0. Aspinall and J. Sandstrom, unpublished work.
105) E. G. V. Percival and S. K. Chanda, Nature, 166,
787 (1950).
106) E. L. Hirst and N. 3. Chanda, unpublished work.
- 158 -
L
faecauuAsL. sf <2 \4LW& QmOsA cd cfx
*y<4£si Q. *^-£0- 00f4**-ltAtv*. Avi
0 J&U. I>*U6AJU d/v^nJdot otyjbwh Ou oowM.
(A) 3/M- ofytsyjct) on. C&/S^O^/o^ ,






^V "*to s. "+*u>Ma . JJ M*









$L <*4. £j > a* &k£~ j/y <*/ <
A/yXco • CWn/pCdM / /&/& OtJto 4
Oo /WU>vn/6>f CLAj&rtZty At*C0. «-^*/' ot/c* -744j/2sCs/~ oto -<t/o*+La/
a*.
/y <JUZ> —Z&4cnr*>,






^OZtoy/ Tjjj C*0. & 6^C>4
0 /e£«uz J&M 4A*af<ffc
G. ftdusfai*. fo 2fef&f *Z^eL &A£I<J§I
& O^llojL -6$ j^t f*
„ __v _ ./-tab Kj ^JrVy? ^4s»i SrtvJhu
CK 06
ttetfoc, <yf c^&z&c. /Lttfrct^fr
tufiewMjcjc
<2h
"1*4 fjVV^j2<4 _ ^ _ . , w
/kH^A^rt^j cSo 't^fft~ C^pfaeU- ykM/yiC
' r&6c£for <$Zey &*-*. ■ " •
j(y4xtQy*jk~'
7Zizi(::-:-ut* f:"' ~
/%ju$ &s ^fo^c^jCu Q.
/(jtt -j%GtryQ ^aA J2_ <j
//j^disXyvS*^^ (a^wl ~s/ 'C^en>\. J3 . 4^</? {/fSTST) -^CtJy o^ vfc^(C^C*Uld t2*\ Q^l//i<f#<W> tZ^Zrfoof *L S**~j#+~i**L. S*H&huuS+,<^2*t<7>tAe*2y tfis&sffy y&^. iff <y a Jp&4ryf~*-f^L. fe£>













Editorial Board: W. T. ASTBURY • P. M. DOTY • R. M. FUOSS • H. MARK
INTENTS—
all, Leo A., and Brown, D. W.: Use of Deuterium to Investigate Extent of Branching in
Polystyrene 513
iancken, M., and Smets, G.: Polymers and Group Interactions. I. Synthesis of Poly-
ampholytes 521
award, R. N.: Polymerization of Diallyl Phtbalate 535
iarlesby, A.: Effect of Molecular Weight Distribution on Gel Formation by High Energy
Radiation 547
[Ller, Jr., L. A.: The Reaction of Cellulose with Acetic Acid 555
ase, Shigeo: How to Treat Tensile Data of Rubber. III. Least Squares Adjustment... 579
axinek, H. H. G., and Northey, Helen L.: Adsorption of High Polymers from Solution
on to Solids. II. Adsorption of Polystyrene on Charcoal 583
wk Review: Das Makromolekul in Losung, H. A. Stuart, ed. Reviewed by H. Mark 588
eorgieff, K. K.: The Relative Inhibitory Effect of Certain Acetylene Polymers on the
Rate of Polymerization of Acrylonitrile and Vinyl Acetate (Letter to the Editors) 589
koatch, W. N., and Greenwood, C. T.: Observations on Some Possible Errors in Osmome¬
try (Letter to the Editors) 593
nthor Index, Volume XIV 597
lbject Index, Volume XIV 600
Dlume Title Page i
alume Contents iii
Published by INTERSCIENCE PUBLISHERS, INC.
Copyright 1954, by Interacience Publishers, Inc.
LETTERS TO THE EDITORS 593
Observations on Some Possible Errors in Osmometry
Number-average molecular weights (Mn) obtained from osmotic pres¬
sure measurements for a given sample often show variation.1 In a recent
communication, Cleverdon and co-workers2 have discussed some of the
possible causes for the discrepancy between the value of Mn found by them
and by Hookway and Townsend3 for a broad fraction of commercial poly¬
styrene. Through the courtesy of Dr. D. Cleverdon we have also been
able to examine this sample, and wish to report briefly our observations.
Osmotic pressures of solutions of the polystyrene in chloroform were
measured using an instrument previously described4 (for the loan of which
we are indebted to Dr. G. A. Gilbert), in which the diameter of the solvent
capillary had been increased to 0.04 cm. The cell constant was then in¬
dependent of the meniscus level and was reproducible within the setting
of the cathetometer (±0.001 cm.). In addition, one measurement was
made in a Fuoss-Mead instrument; modified for complete immersion6 and
fitted with 0.1 cm. diameter capillaries, in which the cell constant was
negligible (±0.001 cm.). The membranes used were of No. 600 gel-cello¬
phane, which had been dehydrated by acetone and then conditioned to
solvent. Pressures were measured statically after an initial setting to
within —0.1 cm. of the expected value. Although gel-cellophane mem¬
branes have been described as truly semipermeable down to Mn ~ 10,000,6
solute permeation was found to occur in both osmometers, which suggested
that the sample was indeed a very broad fraction. The initial rate of de¬
crease in the static pressure head was ca. 1.0%/hr. in the Fuoss-Mead in¬
strument, and ca. 0.3%/hr. in the other osmometer, and when correcting
for this it was assumed legitimate to extrapolate pressures linearly to zero
time (0.04% solute permeated into the solvent chamber when a solution
containing 1.257 g./lOO ml. was left for 72 hr. in the Fuoss-Mead instru-
TABLE I
Osmotic Pbessuke Measurements for Polystyrene Sample in Chloro¬
















" Measurement in the Fuoss-Mead osmometer.
6 Ry method of least squares.
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ment). The results, shown in Table I, include corrections for the density
of solution.6 The x/C vs. C curve appeared linear, and application of the
method of least squares showed that the data were best represented by the
equation:
7t/C = 0.861 + 0.952 C
(The standard deviation in ir/C was 0.023.)
These figures give a value of 195,000 ± 5,000 for Mn, which may be
compared with 222,500 and 210,000 obtained using denitrated collodion
membranes in Fuoss-Mead instruments2 and 156,500 using polyvinyl alco¬
hol membranes in a Zimm-Myerson instrument.3 Although the latter
values were from measurements in benzene solution, a value of 210,000 has
been obtained in chloroform solution by Bawn.7 Possible causes of dis¬
crepancy are (1) solute permeation, (2) solute adsorption on the mem¬
brane, (3) membrane " dissymmetry" effects, and (4) neglect of an appro¬
priate correction for the density of the solution.
In our measurements, although solute permeation was apparent, a cor¬
rection has been applied for it. The consistent results from the two osmom¬
eters suggested furthermore that this correction was adequate. The ef¬
fect of solute permeation is far more noticeable in either of the instruments
used here than it would be in a Zimm-Myerson osmometer, owing to the
different solvent volumes used. There was no evidence of membrane dis¬
symmetry. The effect of adsorption of solute may well vary with the type of
membrane used. In our experiments, the effect on the observed osmotic
pressures of any random adsorption of solute (i.e., "nonselective" adsorp¬
tion) on the membrane was eliminated, as all concentrations were meas¬
ured (in duplicate) afler each determination using the method previously
described.5 Proof of the absence of any preferential adsorption of either
low or high molecular weight solute (i.e., "selective" absorption) is dif¬
ficult to obtain, but it is thought that such effects were not occurring as (1)
consistent osmotic pressures were observed independently of the order in
which solutions of varying concentrations were measured, and (2) in an
additional experiment, there was no change in the observed osmotic pres¬
sure when the osmometer was filled successively with two solutions of the
same concentration (i.e., x = 0.420 and 0.419 cm. chloroform, respec¬
tively). Both "selective" and "nonselective" adsorption could have in¬
fluenced the other determinations carried out on this sample. Similarly,
density corrections are often extremely important when high molecular
weight substances are being examined, particularly when comparisons are
made between results from different osmometers: although negligible in the
case of the Zimm-Myerson instrument, they are considerable in the Fuoss-
Mead type. For example, if Cleverdon's result of 222,500 is corrected on
the basis of an average height of solution column of 20 cm., the value of
Mn is 215,000. Bawn's results may require a correction of the same order.
Thus, although we have attempted to account for most of the possible
sources of error, our result for Mn is 10% lower than Cleverdon's corrected
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value and 20% higher than Hookway's value. Apart from the unpredict¬
able effect of "selective" adsorption occurring in measurements using either
denitrated collodion or polyvinyl alcohol membranes, the most likely rea¬
son for the discrepancy is the low molecular weight "tail" escaping notice
in the measurements giving the higher values, as Hookway claims that
polyvinyl alcohol membranes are semipermeable down to Mn ~ 2000.3
Low molecular material was certainly present in the sample as shown in our
measurements, although it was not apparent in those of Cleverdon.2 It
appears likely that the nonideal semipermeability of the membranes could
account for the discrepancy. If this is so, then extrapolations applied for
solute permeation in our measurements must be incorrect. However,
it is difficult to reconcile this with the observed t vs. time curves unless
there is an instantaneous diffusion of very small material in the few minutes
required to adjust the levels, etc., before measurements could be taken.8
It may also be noted that Staverman9 believes that this method of cor¬
recting for solute diffusion is inadequate.
Further investigations are clearly necessary, and probably comparisons
should be made using these different membranes and osmometers on a
sharply fractionated high molecular weight polymer.
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